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. APPLICATION FOR PATENT 

Substituted 3-Pyndyl Indoles and 
Indazoles as CI 7^20 Lyase Inhibitors 

5 

Background of the Invention 

Steroid biosyntiiesis begins in cells of ftte adrenal gland where the initial product in 
sterol biosynthesis, cholesterol, is converted into the adrenal steroid hormones aldosterone, 
hydrocortisone, and corticosterone by a series of P450 -mediated hydroxylation steps. The 

10 cholesterol side-chain cleavage activity that represents the first step in steroid hormone 
biosynth^s is a P450 -mediated oxidation and cleavage of a pair of adjacent methylene 
gtoixps to two carbonyl fi:agments, pregnenolone and isocaprylaldehyde (see Walsh, 
Enzymatic Reaction Mechanisms, W.H. Freeman and Company: pp- 474-77, 1979). Another 
critical set of enzymatic conversions in steroid metabolism is fadUtaled by 17a- 

15 hydroxylase-17,20-lyase (CYP17, P450 17). CYP17 is a bifimctional enzyme which 
possesses both a C17,20-lyase activity and a C17-hydroxylase activity. Significantly, these 
two alternative enzymatic activities of CYP17 result in tiie formation of critically different 
intermediates in steroid biosynthesis and each activity appear to be difiGarentially and 
developmentally regulated (see e.g. TAllemand et al. Eur. J. Clin. Invest. 2000, 30, 28-33). 

20 The C17,20-lyase activity of CYP17 catalyzes the conversion of 17a-hydroxy- 

pregnenolone and 17a-hydroxy-progesterone to dehydroepiandrosterone (DHEA) and 
delta4-androstenedione (androstenedione) respectively. Both DHEA and androstenedione 
lyase products are key intermediates in the synthesis of not only the androgens testostOTone 
and dihydrotestosterone (DHT), but also the estrogens 17p-estradiol and estrone. Indeed, 

25 adrenal and ovarian estrogens are the main sources of estrogens in postmenopausal women 
(see e.g. Harris et al. Br. J. Cancer 1988, 58, 493-6). In contrast, the C17-hydroxylase 
activity of CYP 17 catalyzes the conversion of tihe common intermediate progesterone to 17- 
hydroxyprogesterone, a precursor of Cortisol. Therefore the first activity of CYP17, the 
C17-hydroxylase activity, promotes ihc formation of glucocorticoids while the second 

30 activity of CYP17, the C17,20-lyase activity, promotes the formation of sex hormones - 
particularly androgens including testosterone as well as estrogens. 

Prostate cancer is currently one of the most fi-equently diagnosed forms of cancer in 
men in the U.S. and Europe. Prostate cancer is typically androgen-depend«it and, 
accordingly, the reduction in androgen production via surgical or pharmacological castration 
35 remains the major treatment option for this indicatioiL However, coiiq)lete rather than 
partial withdrawal of androgens may be more effective in treating prostate cancer (Labrie, F. 

1 
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et aL, Prostate 1983, 4, 57? and Crawford, E.D. et al, N. Engl J. Med. 1989, 327, 419). 
Pharmacological inhibition of CYP17 may be a promising altranatiYe treatment to 
antiandrogens and LHRH agonists in that testicular, adrenal, and peripheral androgen 
^ biosynthesis would be reduced rather than only testicular androgen production (Njar, V, et 
5 al, J. Med. Client. 1998, 4J, 902). One such CYP17 inhibitor, flie fungicide ketoconazole, 
" has been used previously for prostate cancer treatment (Trachtenberg, J,, J. Urol 1984, 732, 
^ 61 and Williams, G. et al, Br. J. Urol 1986, 55, 45). However, this drug is a relatively non- 

selective inhibitor of cytochrome P450 (CYP) enzymes, has weak CYP17 activity, and has a 
number of notable side effects associated witii it including liver damage (De Coster, R- et al, 
10 J. Steroid Biochem. Mol Biol 1996, 56, 133 and Lake-Bakaar, G. et al., Br. J. Med. 1987, 
294,419). 

The importance of potent and selective inhibitors of CYP 17 as potOTtial prostate 
cancer treatments has been the subject of numerous studies and reviews (Njar, V. et al, 
Curr. Pharm. Design, 1999, 5, 163; Barrie, S.E. et al, Endocr. Relat. Cancer 1996, 3, 25 

15 and Jannan, M. etal, Nat. Prod Rep. 1998, 495). FinastOTde, a 5a-reductase inhibitor, is 
an approved treatment for benign prostatic hyperplasia (BPH), although it is only effective 
with patients exhibiting miniTniJ disease. While finasteride reduces serum DHT levels, it 
increases testosterone levels, and may therefore be insufficient for prostate cancer treatment 
(Pet«s, D. H. et al.. Drugs, 1993, 46, 177). Certain anti-androgenic stooids, for example, 

20 cyproterone acetate (17a-acet03gr-6-cMoro-la,2a-mefliylene-4,6-pregiiadiene-3,20-^ 

have been tested as adjuvant treatments for prostate cancer. Many other steroids have been 
tested as hydroxylase/lyase inhibitors. See, for example, PCT Specification WO 92/00992 
(Schering AG) whidi describes anti-androgenic steroids having a pyrazole or triazole ring 
fused to the A ring at the 2,3-position, or European specifications EP-A288053 and EP- 

25 A413270 (Merrell Dow) which propose 17PH:yclopropylamino-androst-5-en-3p-ol or -4-en- 
3-one and thdr derivatives. 

hi addition to the use of CYP17 inhibitors in the treatmCTt of prostate cancer, a 
second potential indication would be for estrogen-depoadent breast cancer. In 
postmenopausal patients with advanced breast cancer, treatment witii higji doses of 
30 ketoconazole resulted in suppression of both testosterone and estradiol levels, implicating 
CYP17 as a potential target for hormone ther^y (Harris, A, L. al, Br. J. Cancer 1988, 58, 



Chemotherapy is usually not highly effective, and is not a practical option for most 
patients with prostate cancer because of the advCTse side effects which are particularly 
35 detrimaital in older patients. However, the majority of patients initially respond to hormone 
ablative therapy although fliey eventually rel^se, as is typical with all cancer treatments 
(McGuiiie, in: Hormones and Cancer,. lacobelli et al Eds.; Raven Press: New Yoik, 1980, 
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vol. 15, pp. 337-344). Current treatment by orchidectomy or administration of 
gonadotropin-releasing hormone (GnRH) agonists results in reduced androgen production by 
the testis, but does not interfere with androgen synthesis by the adrenals. Following three 
months of treatment with a GnRH agonist, testosterone and DHT concentrations in the 
5 prostate remained at 25% and 10%, respectively, of pretreatment levels (Forti et ah, J. Clin. 
Endocrinol Metdb. 1989, 68, 461). Similarly, about 20% of castrated patients in relapse had 
significant levels of DHT in their prostatic tissue (Geller et al, J. Urol. 1984, 132, 693). 
These findings suggest fliat the adrenals contribute precursor androgens to the prostate. This 
is supported by clinical studies of patients receiving combined treatment with either GnRH 
0 or orchidectomy and an anti-androgen, such as flutamide, to block the actions of androgens, 
including adrenal androgens. Such patients have increased progression-free survival time 
compared to patients treated with GnRH agonist or orchidectomy alone (Crawford et al, N. 
Engl. J. Med. 1989, 321, 419 and Labrie etal. Cancer Suppl. 1993, 71, 1059). 

Althou^i patients initially respond to endocrine ther^y, they frequently relapse. It 
15 was reported recently that in 30% of recurring tumors of patients treated with endocrine 
therapy, high-level androgen reenter (AR) amplification was found (Visakorpi, et al.. 
Nature Genetics 1995, P, 401). Also, flutamide tends to interact with mutant ARs, and 
stimulate prostatic cell growth. This suggests that AR amplification may faciUtate tumor 
cell growth in low androgen concentrations. Thus, total androgen blodcade as first line 
10 therapy may be more effective than conventional androgen deprivation by achieving 
maximum suppression of androgen concentrations which may also prevent AR 
ampUfication. It is presently unclear whether sequential treatment with different agents can 
prolong the braiefits of the imtial therapy. This strategy has been found effective in breast 
cancer treatment New agents which act by differoit mechanisms could produce second 
25 responses in a portion of relapsed patients. Although the percentage of patients who respond 
to second-lme hormonal therapy may be relatively low, a substantial number of patients may 
benefit because of the hi^ incidence of prostate cancer. Furthermore, there is the potential 
for developing more potent agents tiian current therapies, none of which are completely 
effective in bloddng androgen effects. 
30 The need exists for C17,20-lyase mhibitors that overcome the above-mentioned 

deficiraicies. 



Summary of the Invention 

The invention provides substituted 3-pyridyl indole and indazole compounds which 
35 inhibit the lyase activity of enzymes, e.g., 17a-hydroxylase-C17,20-lyase. hidole 
compounds of the invention have the formula 
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in which 
rqjresents 



P inwhidiR*rq)re8eiitsCwalkyl;andpisO, l,or2; 



, provided that is oflier than a pyridyl or an JV-oxide- 
containing groiip; or 




in which R^ represents CN, halogen, CTO, or CKO)N(R^2 in 
which R^ represents H or Ci^ alkyl; and q is 0, 1, or 2. 
represents Ci^ alkyl; and m is 0^ 1, or 2. 
R^rq>resents 



.... -I 



N 

invs^idiR'isCMalkjiorCN; aadrisO, l,or2; 

J. 

, provided that R^ is other than a pyridyl cm: an N-oxide- 
containing group; 

in which 
R^ represents 
CN, 

f. halogen, 
Ci^alkjd, 
Ci-4 alkoxy, 
NO2, 
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CF3, 

CMacyl, 

CO2R' wherran is H or Cm alkyl, or 

(CH2)i.2 ( 

;and 



sis 0,1, or 2; 

9 



CH2S02NH-^ 



9 



Cm alkyi-SOiNH- ; 
CN; 

N(R*°)2 , wher^ R*** is Cm alkyl ; or 

>^ inwhichR^Mshalogen;andtisO, l,or2. 
R^^ represents Ci^ alkyl, Ci^ alkoxy, halogen, or CN provided that is other than 
cyano; and u is 0, 1, or 2. 
R*^ represents H or R^^. 
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Fvirthermore, one of and is a 3-pyridyl or 3-pyrid)i-^?/^xide group 
which is unsubstituted at the 2- and 6- positions. Phaimaceutically acceptable salts 
of these compounds are also wiftin the scope of the invention. 



5 hidazolecompotmdsofthe invention have l±Lefoiniul& 




r" represents Ci^ alkyl, C1.4 alkoxy, halogen, or CN; and u is 0, 1 , or 2. 
R" represCTts H or R*^. 
10 R** represents 

P in whidiR" represents Ci-« alkyl; and pis 0, 1, or 2; or 

^ , provided that R" is other than a pyridyl or an 

containing grbi^. 
R^^ represents H or Ci-4 alk3d. 
15 r" represents 

H inwhidiR*'isCi-»alkyl;andrisO, l,or2;or 

® "^^^ in whidi R^ represents halogei^ Cm alkyl. Cm alkoxy, NQ2, 
CF3 , or C02R^* in which R" is H or Cm alk)i; and s is 0, 1, or 2. 

Furihermore,. one of R" and R" is a S-pjrridyl or 3-pyridyl-N-oxide 
20 group which is unsubstituted at the 2- and 6- positions. Phannaceuticany 

acceptable salts of these materials are also within the scope of the invention. 
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The invention also provides pharmaceutical compositions for inhibiting lyase 
activity, comprising a compound of the invention and a pharmaceutically acceptable carrier. 

The invention also provides methods for inhibiting lyases, comprising contactmg flie 
lyase with a compound of the invention. More particularly, the invention provides a method 
5 of inhibiting a 17a-hydroxylase-C17,20 lyase, comprising contacting a 17a-hydroxylase- 
CI 7,20 lyase with a compovmd of the invention. 

The invention further provides methods for treating diseases which can benefit firom 
an inhibition of a lyase en2yme. Exemplary diseases are lyase-associated diseases, e.g., 
diseases resulting fix)m an excess of androg^ or estrogens. For example, the invention 
10 provides a method for treating cancer in a subject, comprising administering to the subject a 
pharmaceutically effective amoimt of a compoiind of the invention, such that the cancer is 
treated. 

The method of treatment may be applied where the subject is equine, canine, feline, 
or a primate, in particvilar, a himaan. 

15 The cancer may, for example, be prostate or breast cancer. Accordingly, a method for 

treating prostate cancer in a subject, comprises administering to the subject a therapeutically 
effective amount of a compound of the invention, such that the prostate cancer in the subject 
is treated. Similarly, a method for treating breast cancer in a subject comprises administering 
to the subject a therapeutically effective amount of a compound of the invention, sudi that the 

20 breast cancer in the subject is treated* 

Detailed Description of the Invention 

The invention is based at least in part on the discovery that substituted 3-pyridyl 
indole and indazole compounds inhibit the enzyme 17a-hydroxylase-C17,20-lyase. 

25 In a preferred embodiment, indole compotmds of the invention have tilie formula 




in which 
represents 



7 
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• ■ P in which represents Cm alkyl; and p is 0, 1, or 2; 

^ , provided tiiatR^ is other Ihan a pyridyl or an i/^^ 

containing groiq>; or 

' *' in whidi R* represents CN, halogen, CHO, or C(0)N(R*)2 ia 
whidi R* represoits H or CiM alltgi; and q is 0, 1, or 2. 

R^ represents Ci-4 alkjd; and m is 0, 1, or 2. 

R^ represents 

in whidi R' is Cm alkyl or CaSf; and r is Oi 1, or 2; 




N© 



, provided fliat R* is other than a pyridjd or an N-oxide- 
containing gtoiq>; 

in which 



represents 
CN, 

15 halogen. 

Cm alkyl, 
Cm alkoxy, 
NO2, 
CF3, 

20 CMaQd, 

C02R^ whCTdn is H or Cm alkyl, or 



8 
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(CH2)i.2 \ 

;and 

sisO, 1, or2; 

5 ;or 

R^^ represents alkyl, C1-4 alkoxy, halogen, or CN provided that is other than 
cyano; and u is 0, 1, or 2. 
R*^ represents H or R^^. 

10 Furthermore, one of R^ and R^ is a 3-pyridyi or S-pyridyl-JST-oxide group 

which is unsubstituted at the 2- and 6- positions, Pharmaceutically acceptable salts 
of these compounds are also within tiie scope of the invention. 

In a more preferred embodim^t, indole compounds of liie invCTtion have the 
IS formula 



R3_iL T ^^'^^m 



in which 
R^ represCTts 



P in which R"* represents Cm alkyl; and p is 0, 1, or 2; 

20 ^ , provided that R^ is oflier than a pyridyl or an iST-oxide- 

containing group; or 
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^ in which represents OSr, halogen, OHO, or CXO)N 
which represents H or Ci^ alkyl; and q is 0, 1, or 2. 
R^ represents Ci^ alkyl; and m is 0, 1 , or 2. 
R^ represents 

in which is Cm alkyl or CN; and r is 0, 1, or 2; 
O© , provided that is other than a pyiidyl or an N-oxide- 



containing group; 

in which 
R* represents 



CN, 

halogen, 
Cm alkyl, 
CMalkoxy, 
NO2, 
CF3, 

Cm acyl, 

CO2R' wherein R' is H or Cm all^» or 

(CH2),.2 f 

; and 



sisO, l,or2; 



; or 



N==^ 



10 
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10 



20 




in whidi R' is Ci^ sJkyl or CN; and r is 0, 1, or 2; 



r 
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R^^ represents Cm alkyi, Ci^ alkoxy, halogen, or CN provided that B? is ofher than 
cyano; and u is 0, 1, or 2. 

I* 

R" represents H or R^^ 

Furthermore, one of R^ and R^ is a 3-pyridyl or 3-pyridyl-7/-oxide group . * 
which is unsuhstituted at the 2- and 6- positions. Pharmaceutically acceptable salts 
of these conapounds are also within the scope of the invention. 

hi a most preferred embodiment, indole compounds of the invCTtion have flie 
formula/ 

V< }u 

in which 
R^ represCTts 

P in which represents Ci^ alkyl; and p is 0, 1 , or 2; 

^ , provided tihuEitR^ is othCT than a pyridyi or an J\r-oxide- 

15 containing group; or 

{R\ 

in which R^ represents CN, halogen, CHO, or C(0)N(R^)2 in 
which R^ represents H or Ci^ allqd; and q is 0, 1, or 2. 
R^ represents Ci^ alkyl; and m is 0, 1, or 2. 
R represents 



S ; or 
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represents Cm alkyl. Cm alkoxy, halogen, or CN provided that is other than 
Qrano; and u is 0, 1, or 2. 
R*^ represeixts H or R^^. 

FnrthennoTe, R^ is a 3-pyridyl or 3-pyridyl-N-oxide group which is 
unsubstituted at the 2- and 6- positions. Pharmaceutically acceptable salts of these 
compounds are also within the scope of flie invention. 

In a preferred embodiment, indazole compounds of the invention have the formula 

R^^-1T> or R''-^^N-R'' 
inwhidi 

R^^ represents Cm alkyi. Cm alkoxy, halogen, or CN; and u is 0, 1, or 2. 
R*^ represents H or R^^ 
R^^ rqjresents 

{\ 

P in which R" represents Cwalkjd; and pis 0,1, or 2; or 

^ , provided that R'^ is other than a pyridyl or an iST-oxide- 

containing groiip. 
R** represents H. 
R" represents 

^ in whidi R*' is Ci^ alkyl; and r is 0, 1 , or 2; or 



in which R^° represents halogen; Ci^ alkyl, Cw alkoxy, NO2, 
CF3 , or C02R^^ in whidi R^' is H or C1-4 alkyi; and s is 0, 1, or 2. 



12 
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Furthennore, one of R'^ and R" is a 3-pyridyl or 3-pyridyl-iVk)xide group 
vrhich is unsubstituted at the 2- and 6- positions. Phannaceutically acceptable salts 
of tiiese materials are also within the scope of the invention. 

In a more inrefecred embodiment, indazole compounds of the invention have the 
formula 





in which 

R^^ represents Ci^ alkyl, C1-4 alkoxy, halogen, or CN; and u is 0, 1 , or 2. 
10 R^^ represents H or R^^ 

R^^ represents 

P in which R^^ represents Ci^ alkyl; and pis 0,1, or 2; 

R^^ represents H. 
R^^ represents 

15 N in which R^^ is Ci^ alkyl; and r is 0,1, or 2; 

Furthermore, one of R^^ and R" is a 3-pyridyl group which is 
unsubstituted at the 2- and 6- positions. Pharmaceutically acceptable salts of 
these materials are also within the scope of the invention, 



20 Definitions 

For convenience, certain terms employed in the specification, examples, and 
appended claims are coUected here. 

The temi "agonist" of an enzyme refers to a compound that binds to the enzyme and 
stimulates the action of tiie naturally occxirring enzyme, or a compound which mimics the 
25 activity of the naturally occurring enzyme. 

The term "antagonist" of an enzyme refers to a compound fliat binds to flie enzyme 
and inhibits the action of the naturally occurring enzyme. 

13 
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The term "analog' of a compound refers to a compound having a some structural 
similarity to a particular compound and having essentially the same type of biological 
activity as the compound. 

The term "CYP17 substmte" includes any of flie various steroid hormones acted 
5^. upon by a CYP17 or a CYP17-like P450 enzyme. Examples include pregnenolone, 
progesterone and their 17a-hydroxylated forms. Pregnenolone is converted to DHEA via a 
CYP17 C17^0-lyase reaction, but is also subject to C17a-hydroxylation via the C17,20- 
lyase activity. Progesterone is converted to delta 4- androstenedione via a CYP17 C 17,20- 
lyase reaction, but is also subject to C17a-hydroxylation via the C17-hydroxylase activity to 
0 form 17-hydroxy-progesterone, a precursor to hydrocortisone (i.e. Cortisol). 

The tOTn "CYP17 metabolite" refers to any of the steroid hormones that are 
synthesized from a cholesterol precursor via a CYP17-mediated reaction, such as a C17- 
hydroxylase reaction or a C17,20-lyase reaction. Examples of CYP17 metabolites include 
the androgens, such as testosterone, which are synthesized via a CYP17 C17,204yase 

15 reaction from CYP17 substrate precursors such as pregnenolone (converted to DHEA by the 
CYP17 C17^0-lyase activity), and progesterone (converted to delta 4- androstenedione by 
the CYP17 C17,20-lyase activity). Progestagens sudi as progesterone are primarily 
synthesized in the corpus luteum. The androgens are responsible for, among other things, 
development of male secondary sex characteristics and are primarily synthesized in the 

20 testis. Other examples include the estrogens, which are also synthesized from a cholestool 
precursor via a CYP17-mediated reaction. The estrogens are responsible for, among otba: 
things, the development of female secondiary sex characteristics and fliey also participate in 
the ovarian cycle and are primarily synthesized in the ovary. Another group of CYP17 
metabolites are the glucocorticoids, such as hydrocortisone (i.e. Cortisol), which is 

25 synthesized from progesterone via a CYP17-mediated reaction. The glucocorticoids, among 
otha: ftmctions, promote gluconeogenesis and flie formation of glycogen and also enhance 
flie degradation offal. The glucocorticoids are primarily synfliesized in the adrenal cortex. 

The term "CYP17 metabolite" is ftirflier meant to include other steroid hormones 
whidi, although not necessarily synthesized by a CYP17-mediated reaction, may 

30 nonetheless be understood by the skilled artisan to be readily affected by an alteration in a 
CYP17-mediated activity. For example, the mineralocorticoids, sucJi as aldosterone, are 
derived from cholesterol via a progesterone intermediate. Since progesterone is also 
converted to the glucocorticoids and sex steroids via CYP17-mediated reactions, an 
alteration of a CYP17 activity can alter the amount of progesterone available for conversion 

35 to aldosterone. For example, inhibition of CYP17 activity can increase the amount of 
progesterone available for conversion into aldosterone. Th^efore, inhibition of CYP17 can 
lead to an increase in the level of aldosterone. The mineralocorticoids function, among other 
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things, to incarease reabsorption of sodium ions, chloride ions, and bicarbonate ions by the 
kidney, which leads to an increase in blood volume and blood pressure. The 
mineralocorticoids are primarily synthesized in the adrenal cortex. 

The term **CYP17 metabolite-associated disease or disorder*' refers to a disease or • 
5 disorder which may be treated by alteration of the level of one or more CYP17 metabolites. 
Examples include a hormone depend^t cancer, such as an androgen-dependent prostate 
cancer, which may be treated by inhibiting CYP17-mediated androgen synthesis, and an 
estrogen-dependent breast cancer or ovarian cancer, which may be treated by inhibiting 
CYP17-mediated estrogen syathesis. Other examples of "CYP17 metabolite-associated 

10 diseases or disorders" are Cushing's disease, hypCTtoision, prostatic hyperplasia, and 
glucocorticoid deficiency. Patients with Cushing's syndrome are relatively insensitive to 
glucocorticoid feedbadc and exhibit an oversecretion of Cortisol devoid of a drcadian cycle 
(see e.g. Newell-Price & Grossman, Ann. Endocrinol. 2001, 62, 173-9). Another CYP17 
metabolite-associated disease or disorder is hypertension. Mineralocorticoid excess causes 

1 5 hypertension by facilitating the sodium retention at rensl tubules. 

The term "derivative" of a compound refers to another compound which can be 
derived, e,g., by chemical synthesis, fix)m the original conq>ound. Thus a derivative of a 
compound has certain structural similarities^ wifli the origmal compoirad. 

*T)isease associated with an abnormal activity or level of a lyase" refers to diseases in 
20 which an abnormal activity or protein level of a lyase is present in certain cells, and in which 
the abnormal activity or protein level of flie lyase is at least partly responsible for the 
disease. 

A "disease associated with a lyase" refers to a disease that can be treated with a lyase 
inhibitor, such as the compoimds disclosed herein. 

25 A **lyase" refers to an aizyme having a lyase activity. 

*T^yase activity" refers to the activity of an enzyme to catalyze the cleavage of the 
bond C17-C20 in 17a-hydroxy-pregnenolone and 17a-hydroxy-progesterone to form 
dehydroepiandrosterone (DHEA) and delta4-androstenedione, respectively. Lyase activity 
also refers to the cleavage of a similar bond in related compounds. 

30 A "lyase inhibitor" is a compound which inhibits at least part of the activity of a 

lyase in a ceU. The inhibition can be at least about 20%, preferably at least about 40%, even 
more preferably at least about 50%, 70%, 80%, 90%, 95%, and most preferably at least 
about 98% of the activity of the lyase. 

A "patient" or "subject" to be treated by the subject method can mean either a human 
35 or non-human animal. 
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*Treating" a disease refers to preventing, curing or improving at least one symptom 
of a disease. 

The following definitions potain to the chemical structure of compounds: 

The term "heteroatom" as used herein means an atom of nitrogen, oxygen, or sulfur. 

•5 The term "alkyl" refers to the radicals of saturated aliphatic groups, including 

straigjit-chain alkyl groups and branched-chain alkyl groups. 

The term "cycloalkyl" (alicyclic) refers to radicals of cycloalkyl compounds, 
examples being cyclopropyl, cyclobutyl, cyclopentyl, cyclohexji, etc. 

Unlesis the number of carbons is otherwise specified, "lower alkyl" as used herein 
10 means an alkyl group but having from one to six carbons, preferably fi"om one to four caibon 
atoms in its backbone structure. PrefCTred alkyl groups are low^ allcyrls. 

The terms ortho, meta and para apply to 1,2-, 1,3- and 1,4-disubstituted benzenes, 
respectively. For example, the names 1,2-dimefhylbenzene and or^/io-dimethylbenzene are 
synonymous. 

15 The terms "alkoxyl** or "alkoxy" as used herein refo: to moiety in which an alkyl 

group is bonded to an oxygen atom, which is in turn bonded to the rest of the molecule. 
Examples are methoxy, ethoxy, propyloxy, ^e?t-butoxy^ etc. 

As used herein, the term "nitro" means -NO2; the term "halogen" designates -F, -CI, - 

Br or -I; the term *^sulfliydiyl" means -SH; the term "hydroxyl" means -OH; and the term 
20 "sulfonyl" means -SO2-. 

The terms triflyl, tosyl, mesyl, and nonafi^ are art-recognized and refer to 
trifluoromethanesulfonyl,/7-toluenesulfon>4, metfaanesulfonyl, and nonafluorobutanesulfon^ 
groupis, req>ectively. The tearms triflate, tos^ate, mesylate, and nonafiate are art-recognized 
and refer to trifluoromethanesulfonate ester, /7-t6luenesulfonate ester, meflianesulfonate 

25 ester, and nonafluorobutanesulfonate ester fimctional groups and molecules that contain said 
groups, respectively. 

The abbreviations Me, Et, Ph, Tf, Nf, Ts, Ms represent methyl, ethyl, phenyl, 
trifluoromethanesulfonyl, nonafluorobutanesulfonyl, j^-tolumesulfon^d and methanesulfonyl, 
respectively. A more comprehensive list of the abbreviations iitilized by organic chemists of 

30 ordinary skiU in the art appearaln theTlrct issue of eadi volinne of flie JourfiaTof Organic 
Chemistjy;(Le., J. Org. Chem. 2002, 67{\\ 24A. The abbreviations contained in said list, 
and all abbreviations utilized by organic chraoists of ordinary skill in the art are hereby 
incorporated by reference. 
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As used herein, the definition of each expression, e.g. alkyl, m, n, etc., when it occurs 
more than once in any structure, is intended to be independent of its definition elsewhere in 
die same structure. 

It will be und^stood that "substitution" or "substituted with" includes tibe implicit 
S proviso that such substitution is in accordance wifli permitted valence of the substituted atom 
and the substituent, and that the substitution results in a stable compound, e.g., which does 
not spontaneously undeiBO transformation such as by rearrangemait, cyclization, 
elimination, etc. 

As used herein, the term "substituted" is contemplated to include all permissible 
10 substituents of organic compounds. In a broad aspect, the permissible substituents include 
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and 
nonaromatic substituents of organic compounds. Illustrative substituents include, for 
example, those described herein above. The permissible substituents can be one or more and 
flie same or diffeent for appropriate organic compounds. For purposes of this invention, the 
15 heteroatoms such as nitrogen may have hydrogen substituents and/or any pOTnissible 
substituents of organic compounds described herein which satisfy the valences of the 
heteroatoms. 

The phrase "protecting group" as used herein means temporary substituents which 
protect a potentially reactive functional group fi-om undesired chemical transformations. 
20 Examples of such protecting groups include esters of carboxylic acids, silyl ethers of 
alcohols, and acetals and ketals of aldehydes and ketones, respectively. The field of 
protecting group chemistry has been reviewed (Greene, T.W.; Wuts, P.G.M Protective 
Groups in Organic Synthesis, 3"^ ed.; Wiley: New York, 1999). 

25 Abbreviations and Acronyms 

Vfhssa the following abbreviations are used tibroughout the disclosure, they have the 
following meaning: 

ACN acetonitrile 

AcOH acetic add 

30 Ar argon 

BINAP 2,2'-fcw(diphenylphosphino)l,r-binaphthyl 

BSA bovine serum albumin 

rt-BuLi n-butyllithium 
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CDCI3 
CD3OD 
CHCI3 
CH2CI2 
5 CH3CN 
Cul 

CS2CO3 

CPM 

DME 
10 DMF 

DMSO 

EPA 

ES-MS 

EtjN 
15 EtOAc 

Et20 

EtOH- - 

GCEI 

GCMS 
20 H2 

HQ 

'HNMR 
HEPES 
Hex 
25 HPLC 
LD. 
KOH 
LCMS 



chloiofonn-</ 
methanol-dy 

chlofofonn 
mefhyleae diloride 
acetonitrile 
copper iodide 
cesivim carbonate 
counts per minute 
1 ^-dimethoxyefhane 
dimethylformamide 
dimethylsulfoxide 

Environmental Protection Agency (as in EPA vial) 

eletrospiaymass spectrometry 

triethylamine 

ethyl acetate 

diethyl ether 

eOianol 

gas chromatography - electron impact mass spectrometry 

gas chromatography / mass spectrometry 

hydrogen gas ^ 

hydrochloric a<nd 

proton nuclear magnetic resonance 

4-(2-Hydroxyethyl)piperazine-l-ethanesfulfoiiic acid 

Hexane 

high performance liquid chromatogre^hy 
internal diam^er 
potassium hydroxide 

liquid chromatography / mass speptroscopy 
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M+1 
MeCN 
MeOH 
min. 
5 ininol 
mg 
mL 

NaO^Bu 

NaaCOa 
10 NaH 

NaHCOs 

NaHMDS 

Na2S04 

NH3 
15 NH4CI 

NH4OH 

Pd/C 

Pd2(dba)3 

Pd(dppf)2Cl2 
20 Pd(PPh3)4 

POCI3 

SPA 
THF 
25 TFA 
TMS 
TLC 
Rt 



exact mass + 1 

acetonitrile 

methanol 

minute 

millimole 

milligram 

milliliter 

sodium rert-butoxide 

sodinm carbonate 

sodium hydride 

sodium bicarbonate 

sodium bis(trimethylsil>d)amide 

sodium sulfate 

ammonia 

ammonium chloride 

ammoniiun hydroxide 

palladium on carbon 

rnXdibenzylideneacetone)dipalladium(0) 

[ 1 4 '-6/5(diphenylphosphino)fen:ocene]dichloropalladium(II) 

/e^aA£s'(triphenylphosphine)palladium(0) 

Phosphorous oxychloride 

TLC retention coefficient 

Scintillation Proximity Assay 

tetrahydrofuran 

trifluoroacetic acid 

tetramethylsilane 

thin layer chromatography 

HPLC retention time 
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Compounds of the Invention 

The present invention is directed to compoimds v^iich inhibit IVa^hydroxylasc'- 
C17^0-lyase. 

Certain compounds of the present invention may exist in particular geometric or 
S stereoisomeric forms. The present invention contanplates all such compounds, including 
cis- and /m/w-isomers, R- and S'-enantiomers, diastereomers, (D>isomers, (L)-isom«s, the 
racemic mixtures thereof and other mixtures thereof as falling within the scope of the 
invention. Additional asymmetric carbon atoms may be pres«it in a substituent such as an 
alkyl group. All such isomers, as wdl as mixtures thereof are intended to be included in 
.0 fliis invention. 

If, for instance, a particular enantiomer of a compound of flie jaresent invention is 
desired, it may be prq)ared by asymmetric synthesis, ot by derivatizaton with a chiral 
auxiliary, where flie resulting diastereomeric mixture is separated and the auxiliary group 
cleaved to provide the pure desired enantiomers. Alternatively, where the molecule contains 
15 a basic functional group, such as amino, or an acidic ftmctional group, such as carboxyl, 
diastereomeric salts are formed wiOi an appropriate optically-active acid or base, followed 
by resolution of the diastereomers thus formed by fractioned crystallization or 
chr<Hnatographic means well known in the art, and subsequent recovery of tfie pure 
oiantiomers. 

20 Compounds may contain a basic functional group, such as amino or alkylamino, and 

ar«, thus, capable of forming pharmaceutically acceptable salts with pharmaceutically 
acceptable acids. The term "phamiaceutically acceptable salts" in tills respect, refers to the 
relatively nontoxic, inorganic and organic acid addition salts of compounds of the present 
invention. These salts can be prepared in situ during the final isolation and purification of 

25 the compounds of the invention, or by sq)arately reacting a purified compoxmd of the 
invention in its free base form with a suitable organic or inorganic acid, and isolating the salt 
thus formed. Representative salts include the hydrobromide, hydrochloridie, sulfate, 
bisulfate, phosphate, nitrate, acetate, vallate, oleate, pahnitate, stearate, laurate, baizoate, 
lactate, phosphate, tosylate, citrate, maleate, fumarat^ succinate, tartrate, napthylate, 

30 mesylate, glucoheptonate, lactobionate, and latirylsulphonate salts and the like. (See, for 
example, Berge et al., " Pharmaceutical Salts ". J. Pharm. Sci. 1911 1 66, 1-19). 

Pharmaceutically acceptable salts of the subject compounds include the conv^tional 
nontoxic salts or quaternary anmaonium salts of the compounds, e.g., fixnn iion-toxic organic 
or inorganic acids. For example, such conventional nontoxic salts include those derived 
35 from inorganic acids such as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, 
nitric, and the like; and the. salts prepared from organic adds sudi as acetic, propionic, 

20 
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sucdnic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, palmitic, maleic, 
hydroxymaleic, phenylacetic, glutamic, benzoic, salicycHc, sulfaxulic, 2-acetoxybeiizoic, 
fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isofliiomc, and the like. 

In other cases, the compounds of the present invention may contain one or more 
acidic functional groups and, thus, are capable of fonning pharmaceutically acc^table salts 
with pharmaceutically acceptable bases. These salts can be prepared in situ during the final 
isolation and purification of the compounds, or by separately reacting the purified compound 
in its free add form with a suitable base, such as the hydroxide, carbonate or bicarbonate of 
a pharmaceutically acceptable metal cation, with ammonia, or with a pharmaceutically- 
acceptable organic primary, secondary or tertiary amine. Representative alkali or alkaline 
earth salts include the lithium, sodium, potassium, calcium, magnesium, and alimiinum salts 
and the like* Representative organic amines usefiil for the formation of base addition salts 
include ethylamine, diethylamine, efliylenediamine, ethanolamine, diethanolamine, 
piperazine and the like. (See, for example, Berge et al., supra). 

Contemplated equivalents of the compounds described above include compounds 
which otherwise correspond thereto, and which have the same general properties thereof 
(e.g., fimctioning as 17a-hydroxylase-C17,20-lyase inliibitors), wherein one or more simple 
variations of substituents are made which do not adversely affect the efiScacy of the 
compoimd in binding to 17a-hydroxylase-C17,20-lyase receptors. In general, the 
compounds of the present invention may be prepared by the methods illustrated in the 
general reaction schemes as, for example, described below, or by modificationis thereof, 
using readily available starting materials, reagents and conventional synthesis procedures. In 
these reactions, it is also possible to make use of variants which are in thCTiselves known, 
but are not mentioned here. 

Diseases thai can be treated with the compounds of the invention 

The presmt invention provides a method of inhibiting a lyase, e.g., 17a-hydroxylase- 
C17,20-lyase, comprising contacting a lyase with a compound of the inventioDu The activity 
can be inhibited by at least 20%, preferably at least about 50%, more preferably at least 
about 60%, 70%, 80%, 90%, 95%, and most preferably at least about 98%. In one 
embodiment, the invention provides a method for inhibiting a lyase in vitro. In a preferred 
embodiment, the lyase is in vivo or ex vivo. For example, the invention provides methods for 
inhibiting a lyase in a cell, comprising contacting the cell with a compound of the invention, 
such that the activity of the lyase is inhibited. The cell may fiirther be contacted with a 
composition stimulating the uptake of the compound into the cell, e.g., liposomes. In one 
embodiment, the invention provides a method for inhibiting a lyase in a cell of a subject. 
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honnon^ep«d«. &™ of canoer. Tlierctae fte inhibitors of the inv^tion may be 
^"i„L.binado^witt>oa.e^*ugs.o.rca.o^preve^lho^non^4epend««oa„c«s™A 

as breast and prostate cancer. 

Furthennom. suscq-tibility to prostate cancer and breast cancer has been associated 
, .with particnl. polymorphic aUelea of the CYP17 gene (see e.g^ McK^-— 

Res 2001 61 848-9; Haimanetal, Cancer £fidmefo;.«<.m<.rfer^ 2001, JO, 743-8 Huang 

Tal ^^ci L. 2001. 39. 487(^5). Accordingly, me compositions of tovenhon^e 
t^:^y sui^d to t^adng or preventing honnon^ependent e^cers m mdmdu^ 
^eUcally predisposed «> such cancers, pardcdariy those p«dispose4 due to alteration m 

10 the CVP17 geae. 
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associated diseases or disorders'' of the invmtion would include those associated with 
altered levels of aldosterone production (e.g. hypertension, primary adrenal hypoplasia). 

Still other examples of CYP17 metabolite-associated diseases or disorders*' are 
Cushing's disease, prostatic hyperplasia, glucocorticoid deficiency, and endometrial cancer. 

.5 The subject that can be treated according to the invention can be a mionmal, e.g., a 

primate, equine, canine, bovine, ovine, pordne, or feline. In preferred embodiments of this 
method, the mammal is a human. In other embodiments, the invention provides methods for 
inhibiting the lyase activity of enzymes that are present in organisms oflier than mammals, 
e.g., yeast and fungus, e.g., mildew. CCTtain compounds of flie invention may function as 

10 antifungal compounds. 

Methods of administering the compounds of the invention 

The therapeutic methods of the invention genially comprise administering to a 
subject in need thereof, a pharmaceutically effective amount of a compovmd of the invention, 

15 or a salt, prodrug or composition thereof. The compounds of the inv^tion can be 
administered in an amount effective to inhibit the activity of a 17a-hydroxylase-C 17,20- 
lyase. The compounds of this invention may be adntiinistared to mannmals, preferably 
himians, either alone or, preferably, in combination with pharmaceutically acceptable 
carriers, exdpients or diluents, in a pharmaceutical composition, according to standard 

20 pharmaceutical practice. The compounds can be administered orally or parenterally, 
including the intravenous, intramuscular, intraperitoneal, subcutaneous, rectal and topical 
routes of administration. 

Toxicity and therapeutic efiGcacy of the compounds can be determined by standard 
pharmaceutical procedures in cell cultures or eT^erimtotal animals, e.g., for determining the 

25 LD50 (the dose lethal to 50% of the population) and fbe ED50 (the dose therapeutically 
effective in 50% of the population). The dose ratio between toxic and tfaoapeutic effects is 
the therapeutic index and it can be exjiressed as the ratio LDso/EDso- Conq)ounds which 
exhibit large flierapeutic indices are preferred. While compounds that exhibit toxic side 
effects may be used, care should be taken to design a delivery systCTi that targets such 

30 reagents to the site of affected tissue in order to minimize potential damage to nomial cells 
and, thereby, reduce side effects. 

Data obtained fi'om cell culture assays and animal studies can be used in formulating 
a range of dosage for use in humans. The dosage of such compounds lies preferably within a 
range of circulating concentrations that include the ED50 with little or no toxicity. The 
35 dosage may vary within this range depending upon the dosage form employed and the route 
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of administration utilized. For any compound used in the mettiod of the invention, the 
therapeutically effective dose can be estimated initially from cell culture assays. A dose may 
be formulated in animal models to achieve a circulating plasma concentration range that 
includes the IC50 (i.e., the concentration of the test compound which achieves a half- 

5 maximal inhibition of activity) as determined in cell culture. Such information can be used 
to more accurately determine usefiil doses in humans. The compounds of the invention have 
an IC50 less than 10 ^iM as determined by the biochemical or cellular assay desaibed herein. 
Some compounds of the invention are effective at concentrations of 10 nJM, 100 nM, or 1 
^M. Based on these nimibers, it is possible to derive an appropriate dosage for 

10 administration to subjects. 

Formation of prodrugs is well known in the art in order to enhance the properties of 
the parent compound. Such properties include solubility, absorption, biostability and release 
time (see 'Pharmaceutical Dosage Form and Drug Delivery Systems" 6^ ed., Ansel et al, 
Ed.; Williams & Wilkins: pp. 27-29, 1995). Commonly used prodrugs of the disclosed 

15 compounds can be designed to take advantage of the major drug biotransformation reactions 
and are also to be considered within the scope of the invention. Major drug 
biotransfomiation reactions include iV-dealkylation, O-dealkylation, aliphatic hydroxylation. 
aromatic hydroxylation, TV-oxidation, ^-oxidation, deamination, hydrolysis reactions, 
glucuronidation, sulfation and acetylation (see Goodman and Oilman's The Pharmacological 

20 Basis of Therapeutics 9*^ ed., Molinoff al, Ed.; McGraw-Hill: pp. 1 1-13, 1996). 

The pharmaceutical compositions can be prepared so that they may be administered 
orally, dermally, parenterally, nasally, ophthalmically, otically, sublingually, rectally or 
vaginally. Dermal administration includes topical application or transdermal administration. 
Parenteral administration includes intravenous, intraarticular, intramuscular, intraperitoneal, 

25 and subcutaneous injections, as well as use of infusion techniques. One or more compounds 
of the invention may be present in association with one or more non-toxic pharmaceutically 
acceptable ingredimts and optionally, other active anti-proliferative agents, to form the 
pharmaceutical composition. These compositions can be prepared by applying known 
techniques in the art such as those taught in Remington's Pharmaceutical Sciences 14* ed., 

30 John E. Hoover, Managing Editor; Mack Publishing Co.: 1970 or Pharmaceutical Dosage 
Form aiui Drug Delivery Systems 6^ ed., Ansel et al, Ed.; Williams & Wilkins: 1995. 

As indicated above, pharmaceutical compositions containing a compound of the 
invention may be in a form suitable for oral use, for example, as tablets, troches, lozenges, 
aqueous or oily suspensions, dispersible powders or granules, emulsions, hard or soft 
35 capsules, or syrups or elixirs. Compositions intended for oral use may be prepared 
according to any mefeod known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents selected from the 

25 
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groiqp cxDhsisting of sweetening agents, flavoring agents, coloring agents and preserving 
agents in order to provide phannaceutically acceptable preparations. Tablets contain the 
active ingredient in admixture with non-toxic phannaceutically acceptable excipients which 
are suitable for the manufacture of tablets. These excipients may be, for example, inert 
5 diluents, such as calcium carbonate, sodium carbonate, lactose, caldum phosphate or sodium 
1 phosphate; granulating and disintegrating agents, for example, microcrystalline cellulose, 

^ sodium crosscaimellose, com starch, or algtnic acid; binding agents, for example starch, 

gelatin, polyvinyl-pyrrolidone or acacia; and lubricating agents, for example, magnesium 
stearate, stearic add or talc. The tablets may be uncoated or they may be coated by known 
10 techniques to mask the unpleasant taste of the drug or delay disintegration and absorption in 
flie gastrointestinal tract and thereby i)rovide a sustained action over a longer period. For 
example, a water soluble taste masking material such as hydroxypropylmefliyl-cellulose or 
hydroxypropylcellulose, or a time delay material such as eth>d cellulose, cellulose acetate 
buryrate may be employed. 

15 Formulations for oral use may also be presented as hard gelatin capsules wherein the 

active ingredient is mixed with an inert solid diluent, for example, calciimi carbonate, 
caldum phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
mixed with water soluble caixio- such as polyethyleneglycol or an oil medium, for example 
peanut oil, liquid parafSn, or olive oil. 

20 Aqueous suspensions contain the active material in admixture with excipients 

suitable for the manufacture of aqueous suspensions. Sudi exdpi^ts are suspending agents, 
for example sodium carboxymethylcellulose, methylcellulose, hydroxypropylmethyl- 
cellulose, sodium alginate, polyvin>d-pyrrolidone, gum tragacanth and gum acada; 
dispersing or wetting agents may be a naturally occurring phosphatide, for example ledthin; 

25 or condensation products of an alkylene oxide with fatty adds, for example polyoxyethjdene 
stearate; or condmsation products of e^ylene oxide with long chain aliphatic alcohols, for 
example heptadecaetfaylCTie-oxycetanol; or condensation products of ethylene oxide with 
partial esters derived from &tty adds and a hexitol such as polyoxye&ylene sorbitol 
monooleate; or condensation products of ethylaie oxide with partial esters derived fix>m 

30 fatty adds and hexitol anhydrides, for example polyethylene sorbitan monooleate. The 
aqueous suspensions may also contain one or more preservatives, for example ethjd or 77- 
propyl j7-hydroxybenzoate, one or more coloring agents, one or more flavoring ag^ts, and 
. one or more sweetening agents, such as suax)se, saccharin or aspartame. 

Oily suspensions may be formulated by suspending the active ingiiedient in a 
35 vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in mineral oil 
sudi as liquid parafGn. The oily suspensions may contain a thickening agent, for example 
beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set forth abovcj 
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and flavoring agents may be added to provide a palatable oral preparation. These 
compositions may be preserved by the addition of an anti-oxidant such as butylated 
hydroxyanisol or a-tocopherol. 

Dispersible powders and granules suitable for preparation of an aqueous suspension 
5 by the addition of water provide the compound of the invention in admixture with a 
dispersing or wetting agent, suspending agent and one or more preservatives. Suitable 
dispersing or wetting agents and suspending agents are exemplified by those already 
mentioned above. Additional excipients, for example sweetening, flavoring and coloring 
agents, may also be present. These compositions may be preserved by the addition of an 
10 anti-oxidant such as ascorbic acid. 

Pharmaceutical compositions of the invention may also be in the form of an oil-in- 
water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil, 
or a mineral oil, for example liquid paraffin or mixtures of these* Suitable emulsifying 
agents may be naturally occurring phosphatides, for example soy bean lecithin, and esters oi- 
ls partial esters derived from fatty adds and hexitol anhydrides, for example sorbitan 
monooleate, and condensation products of the said partial esters with ethylene oxide, for 
example polyoxyethylene sorbitan monooleate. The emulsions may also contain 
sweetening, flavouring agents, preservatives and antioxidants. 

Syrups and elixirs may be formulated with sweetening agents, for example glycerol, 
20 propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a 
preservative, flavoring and coloring agrats and antioxidant 

Pharmaceutical compositions may be in the form of a sterile injectable aqueous, 
solutions. Among the acceptable vehicles and solvents that may be employed are water. 
Ringer's solution and isotonic sodium chloride solution. 

25 Sterile injectable preparation may also be a sterile injectable oil-in-water 

microemulsion where the compound of the invention is dissolved in the oily phase. For 
example, the active ingredient may be first dissolved in a mixture of soybean oil and lecithin. 
The oil solution is then introduced into a water and glycerol mixture and processed to form a 
microemulation. 

30 The injectable solutions or microemulsions may be introduced into a patient's blood 

stream by local bolus injection. Alternatively, it may be advantageous to administer the 
solution or miCToemulsion in such a way as to maintain a constant circulating concentration 
of the active compound. In order to maintain such a constant concentration, a continuous 
intravenous delivery device may be utilized. An example of such a device is the Deltec 

35 CADD-PLUS™ model 5400 intravenous pump. 
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The phannaceutical compositions may be in tiie forai of a sterile injectable aqueous 
or oleagenons suspension for intramuscular and subcutaneous administration. This 
suspension may be formulated according to the known art using those suitable disp^ing or 
*j wetting agents and suspending agents which have hcea mentioned above. The sterile 
S injectable preparation may also be a sterile injectable solution or suspension in a nontoxic 
parenferally acceptable diluent or solvent, for example as a solution in l^-'l^utane did. In 
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. 
For this purpose any bland fixed oil may be employed including synthetic mono- or 
diglycerides. In addition, fatty acids such as oldc add find use in ihe preparation of 
0 injectables. 

Compounds of the invention may also be administered in the form of a suppository 
for rectal administration of the drug. These composilions can be prepared by mixing the 
drug with a suitable non-irritating excipient whidbi is solid at ordinary temperatures but 
liquid at the rectal temperature and will therefore melt in the rectiun to release the drag. 
.5 Such materials include cocoa butter, glycerinated gelatin, hydrogenated vegetable oils, 
mixtures of polyediylene glycols of various molecular weights and fiitty acid esters of 
polyethylene glycol. 

For topical use, creams, ointmCTits, jellies, solutions or suspensions, etc., containing 
the compound of the invention can be employed. For purposes of this application, topical 
10 application shall include mouth washes and ^giles. 

The compounds for the present invention can be administered in intranasal form via 
topical use of suitable intranasal vehicles and deliv^ devices, or via transdomal routes, 
using those forms of transdermal skin patches well known to those of ordinary skill in the 
art To be administered in the form of a transdermal delivery systCTti, the dosage 
15 administration will preferably be continuous rather than intennittent throughout the dosage 
regimen. 

The compounds of the invention may also be co-administered with oth^ well known 
therapeutic argents that are selected for their particular usefidness against the condition that is 
being treated. The compoimds may be administered simultaneously or sequentially. For 

30 example, the active compounds may be usefid in combination with known anti-cancer and 
cytotoxic agents. Similarly, the active compomds may be useful in combination wi& agCTts 
that are effective in the treatment and prevmtion of osteoporosis, inflammation, 
neurofibromatosis, restinosis, and viral infections. The active conipounds may also be usefiil 
in combination with inhibitors of other components of signaling pathways of cell sur&ce 

35 growth factor receptors. 
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Drugs that can be co-administered to a subject being treated with a compound of the 
invention include antineoplastic agents selected from vinca alkaloids, epipodophyllotoxins, 
anthracycline antibiotics, actinomydn D, plicamycin, puromycin, gramicidin D, taxol, 
colchicine, cytochalasin B, emetine, maytansine, or amsacrine. Methods for flie safe and 
5 effective administration of most of these chemotherapeutic agents are known to those skilled 
in the art. M addition, their administration is described in the standard literature. For 
example, the administration of many of the chemotherapeutic agents is described in the 
"Physicians' Desk Reference" (PDR), 1996 edition (Medical Economics Company, 
Montvale, N J„ USA), 

10 Radiation therapy, including x-rays or gamma rays which are delivered from either 

an externally applied beam or by implantation of tiny radioactive sources, may also be \ised 
in combination with a compound of the invention to treat a disease, e.g., cancer. 

When a composition according to this invention is administCTcd into a human 
subject, the daily dosage will normally be determined by the prescribing physician with ttie 
15 dosage generally varying according to the age, weight, and response of the individual 
patient, as well as the severity of the patient's symptoms. 

Kits of the invention 

In one embodiment, a compound of the invention, materials and/or reagents required 
20 for administering the compounds of the invention may be assembled together in a kit. When 
the components of the kit are provided in one or more liquid solutions, the Hquid solution 
preferably is an aqueous solution, wdth a staile aqueous solution being particularly 
preferred. 

The kit may fiarther comprise one or more other drugs, e.g., a chemo- or 
25 radiotherapeutic agent. These normally will be a separate formulation, but may be 
formulated into a single pharmaceutically acceptable composition. The container means 
may itself be geared for administration, such as an inhalant, syringe, pipette, eye dropper, or 
other such like apparatus, from which the formulation may be appMed to an infected area of 
the body, such as the lungs, or injected into an animal, or even applied to and mixed with the 
30 other components of the kit. 

The compositions of these kits also may be provided in dried or lyophilized forms. 
When reagents or components are provided as a dried form, reconstitution generally is by the 
addition of a suitable solvent. It is envisioned that the solvent also may be provided in 
another container means. The kits of the invention may also include an instruction sheet 



29 



• wo 03/027094. 



PCTAJS02/30482 



defining administration of the agent. Kits may also comprise a compound of the invention, 
labeled for detecting lyases. 

The kits of ttie present invention also will typically include a means for containing 
the vials in close confinement for commercial sale such as, e.g., injection or blow-molded 

^5 plastic containers into which the desired vials are retained. Irrespective of the number or 
type of containers, the kits of the invention also may comprise, or be packaged with a 
separate instrument for assisting with the injection/administration or placement of the 
ultimate complex composition within the body of an animal. Such an instrument may be an 
inhalant, syringe, pipette, forceps, measured spoon, eye droppCT or any such medically 

10 approved delivery vehicle. Other instrumentation includes devices that permit the reading or 
monitoring of reactions or amounts of compounds or polypeptides- 

The present invention is further illustrated by the following examples which should 
. not be construed as limiting in any way. The contents of all cited references (including 

A 

literature references, issued patents, published patent applications as cited tiirou^out this 
15 application) are herd>y expressly incorporated by refer^ce. 

Preparation of the compounds of the invention 

General. All reagents are commercially available vmless otherwise specified. 
Reagents were used as received unless otherwise specified. Proton NMR data is rqported 

20 downfield &om TMS. Mass spectral data (LC/MS) were obtained using a Hewlett-Packard 
1 100 HPLC equipped with a quaternary pump, a variable wavelength detector set at 254 nm, 
a YMC pro C-18 column (2 x 23 mm, 120A), and a Finnigan LCQ ion trap mass 
spectrometer with electrospray ionization. Spectra were seamed fix)m 120-1200 amu using 
a variable ion time according to the numb^ of ions in the source. The eluents were A: 2% 

25 acetonitrile in water with 0.02% TFA and B: 2% water in acetohitrile with 0.02% TFA. 
Gradient elution from 10% to 95% B over 3.5 minutes at a flow rate of 1.0 mL/min. was 
used wiith an initial hold of 0.5 minute and a final hold at 95% B of 0.5 minute. Total run 
time was 6.5 minutes. Purification by HPLC was performed by using a Gilson HPLC 
system (UVAaS-155 detector, 215 liquid handler, 306 pumps, 819 injection valve and an 

30 81 IC mixer; the column was a YMC Pro C18 (20 x 150 mm, 5um, 120A; the eluents v/erc 
A: water with 0.1% TEA, and B: Acetonitrile witii 0.1% TFA; gradient elution; flow rate 
was 20 n:iL per minute), imless otiierwise indicated. Elemental analyses were obtained at 
Robertson Microlit Laboratories, Madison NJ. Melting points are uncorrected. 
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Scheme !• General Synthetic Routes to Indoles 
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Sdieme 2. Additional Synthetic Routes 
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Scheme 3. Synthesis of Indazoles 
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Method A. Synthesis of 4-inethylpyridine-3-boronic acid (Reagent A). 




N 



Br 



B(0/Pr)3 




N 



B(OH)2 



3-Bromo-4-Tnethylpyridine (1.0 g, 5.81 mmol) was dissolved in dry tetrahydrofuran 
(10 mL), cooled by a dry ice-acetone bath, treated with /•butyllithinm in pentane (7 mL, 1.7 
M, 11.9 mmol) dropwise and stirred for hour before N,N,N',N'- 

tetramethylethylenediamine (L8 mL, 11.93 mmol) was added. After hour, triisopropyl 

10 borate (2.75 mL, 1 1 .92 mmol) was added dropwise. After stirring for 14 hour, the mixture 
was allowed to warm to room temperature and stir for another 3 hours. It was cooled by an 
ice water bath, treated careftdly with HCl (0.5 iV, 10 mL), and extracted with EtOAc (5 mL) 
and CH2Ca2/2-propanol (3:1, 5 mL). The aqueous layer was acidified wifli 0.5 N HCl (14 
mL) to pH 8-9 and then extracted with CH2Cl2/2-propanol (3:1, 3x10 mL). The combmed 

15 extracts were dried (sodium sulfate), filtered and concentrated to give a yellow oil. 
Trituration with a small amoimt of diethyl ether afforded a beige solid which was filtered ofT 
(322 mg, 40%) to be used for the next step without further purification. NMR (CD3OD) 
5 8.45 (s, IH), 8.32 (d, IH), 7.49 (d, IH), 2.60 (s, 3H). 

Method B. Exemplified by the synthesis of S-bromo-l-(3-pyridyl)-l/r-indole 
20 (Intermediate A). 



5-Bromo-li/-indole (5.0 g, 25,5 mmol) in anhydrous DMF (150 mL) was cooled to 
0®C whereby NaH (60% dispersion in mineral oil, 1.53 g, 38.3 mmol) was added in portions. 
Upon complete addition of NaH, the reaction mixtin^ was allowed to warm to room 
25 temperature over 1 h. Then 3-fluoropyridine (3.71 g, 38.3 mmol) was added and the reaction 
mixture stirred at lOC'C overnight. The mixture was diluted with water (300 mL) and 
extracted with EtjO (3 x 250 mL). The combined extracts were dried over Na2S04, filtered 
and evaporated to yield a dark brown oil. Purification by flash chromatography (30% 
EtOAc/Hexane) provided an off-white solid (5.64 g, 81%): TLC % 0.45 (1:1 



30 EtOAc/Hexane); HPLC R| = 2.85 min; ^H-NMR (CDCI3) 6 6.63 (d, 2H), 7.25-7,40 (m, 3H), 
7.49-7.41 (m, IH), 7.7.73-7.94 (m, 2H), 8.52 (s, IH), 8.83 (d, IH); LC/MS [M+lf 275.2. 




NaHOMF 




N 



Br 
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SSmiJarly prepared were the following: 

5-Bromo-2,3-dimethyI-l-(3-pyridyl)-m-indole antermediate B). From 5-bromo-2,3- 
dimethyl-m-indole (synthesized according to Kost, A.N. et al. Chem. Heterocycl Comp. 
(USSR) 1965, 1, 426-427) and 3-fluoropyridine. Yellow oil (24%). TLC R/ 0.22 
5 (EtOAc/hexane 1 :3); NMR (CDCI3) 6 8.70 (broad, 2H), 7.70 (d, IH), 7.66 (d, IH), 7.56 
(broad, IH), 7.20 (m, IH), 6.92 (d, IH), 2.28 (s, 3H), 2.23 (s, 3H); LCMS [M+lf 301.7, 
HPLCRt = 3.07niin. 

5-Bromo-l-plienyl-L»-indole (Intermediate C). From S-bromo-ljfif-indole and 
fluorobenzene. 'H NMR (CDCI3) 8 7.80 (s, IH), 7.20-7.60 (m, 8H), 6.60 (d, IH). 

10 5-Bromo-l-(2-pyrldyl)-ljEr-indole (Intermediate D). From S-bromo-lif-indole and 2- 
fluoropyridine. LC/MS [M+lf 273.1, HPLC R« = 4.1 1 min. 

5-Bromo-l-(3-cyanophenyl)-lJ?-indole (Intermediate E). From 5-bromo-l/f-indole and 
3-fluoroben2onitrile. [M+lf 297.1 , HPLX: Rt = 4.1 8 min. 

5-Broroo-l-(2-cyanophenyl)-li3r-indole Ontermediate F). From S-bromo-l/T-indole and 
15 2-fluoroben2onitrile. LC/MS [M+lf 297.2, HPLC R« = 4.03 min. 

5-Bromo-l-(3-pyridyl)-l/f-inda2ole (Intermediate GT). From 5-bromo-l/f-indazole and 3- 
fluorbpyridine. LC/MS [M+1 f 21 A3, HPLC Rt = 2.41 min. 

5-Bromo-l-(2-pyridyl)-l//-inda2ole (Intermediate H). From S-bromo-l/T-indazole and 2- 
fluoropyridine. 'H NMR (CDCI3) 5 8.65 (d, IH), 8.42 (m, IH), 8.01 (s, IH), 7.97 (d, IH), 
20 7.80 (s, IH), 7.77 (m, IH), 7.48 (d, IH), 7.07 (m, IH). 

5-Bromo-2-(2-pyridyI)-2/f-inda2ole (Intermediate I). From 5-bromo-l/f-indazole and 2- 
fluoropyridine. 'H NMR (CDCI3) 6 9.02 (s, IH), 8.50 (br, IH), 8.24 (m, IH), 7.88 (m, 2H), 
7.60 (d, IH), 7.33 (m, 2H). 

Method C. Exemplified by the synthesis of 5-(4-raethylphenyl)-l-(3-pyridyl)-l/i-indoIe 
25 (Example 1). 




To 5-bromo-l-(3-pyridyl)-liy-indole (100 mg, 0.37 mmol) in 1,2-dimethoxyethane 
(3 mL, degassed under Argon) was added Pd(PPh3)4 (14.0 mg, 0.033 mmol). Aftea: the 
30 mixture was stirred for 5 minutes, 4-methylphenylboronic acid (60.0 mg, 0.44 mmol) and 
IMNajCOs (0.93 mL) were added. The mixture was heated at 100*C overnight, and then 
filtered through Celite® into CH2a2 (25 mL). The filtrate was concentrated and the residue 
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purified by preparative TLC (1 :1 EtOAc/Hex) to provide the desired product as a white solid 
(40.6 mg). 'H NMR (CDCI3) 6 8.87 (d, IH), 8.63 (dd, IH), 7.87 (m, 2H), 7.56 (m, 3H), 7.48 
(m, 2H), 7.35 (d, IH), 7.27 (d, 2H), 6.78 (d, IH). 

Similarly prepared were the foUoving, characterizing data for which are shown 

.5 in Tables 1 and 3 below: 

Example 2. 5-Phenyl-l-(3-pyridyl)-m-indole. From 5-bromo-l-(3-pyridyl)-l//-indole 
and phenylboronic acid. - 
Example 3. 5-(4-Ethylplienyl)-l-(3-pyridyI)-lH-indole. From 5-bromo-l-(3-pyridyl)-liy^ 
indole and 4-ethylphenyIboronic acid. 

10 Example 4. 5-(4-r-But>'lphenyI)-l-(3-pyj idyl).lH-indole. From 5-bromo-l-(3-pyridyl)- 
1/f-indole and 4-f-butylphen)iboronic add. 

Example 5. 5-(4-Chlorophenyl)-l-(3-pyridyI)-lff-indole. From 5-bromo-l-(3-pyridyl)- 
l//-indole and 4-chlorohenylboronic add. 

Example 6. 5r(4-FIuorophenyl)-l-(3-pyridyI)-iJ?-hidol). From 5-bromo-l-(3-pyridyl)- 
15 l//-indole and 4-£IuorophenyIboronic add. 

Example 7. 5-(4-TrinuoromethylphenyI)-l-(3-pyridyl)-lJJ-indole. From 5-bromo-l-(3- 
pyridyl)-l/f-indole and 4-trifluorometh)dphenylborpnic add. 

Example 8. 5-(4-MetlioxyphenyI)-l-(3-pyridyl)-lH-indole. From 5-bromo-l-(3-pyridyl)- 
l//-indole and 4-methoxyphaiylboronic add. 
20 Example 9. 5-(4-Ethoxyphenyl)-l-(3-pyridyl)-Uy-indole. From 5-bromo-l-(3-pyridyl)- 
lif-indole and 4-ethoxyphenylboronic acid. 

Example 10. 5-(4-Carbomethoxyphenyl)-l-(3-pyridyl)-lH-indole. From 5-bromo-l-(3- 
pyridyl)-l//-indole and 4-carbomethoxyphenyIboronic add. 

Example 11. 5-(4-Carboxyphenyl)-1-(3-pyridyl)-L»-indole. From 5-bromo-l-(3- 
25 j5yridyl)-l//-indole and 4-carboxyphenylboronic add. 

Example 12. S-(3-Methylphenyl)-1-(3-py"dyl)-lff-indole. From 5-bromo-l-(3-pyridyl)- 
l//-indole and 3-methylphenylbororac add. 

Example 13. 5-(3-Chlorophenyl)-l-(3-pyridyl)-l^-indole. From 5-bromo-l-(3-pyridyl)- 
1/^ihdole and" 3-dilorophCTylbor6mc add. 
30 Example 14. 5-(3-FJuorophenyl)-l-(3-pyridyl)-l.H^indole. From 5-bromo-l-(3-pyridyl)- 
l/f-indole and 3-fluorophenylboronic add. 

Example 15. 5-(3-TrinHoroniethyIphenyl)-l-(3-pyridyI)-Lff-indole. From 5-bromo-l-(3- 
pyridyl)-l//-indole and 3-trifluoromethylph«iylboromc add. 
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Example 16. 5-(3-Methoxyphenyl)-l-(3-pyridyl)-lir-indole. From 5-bromo-l-(3- 
pyridyl)-l//-indole and 3-methoxyphenylboroiiic add. 

Example 17. 5-(3-Ethoxyphenyl)-l-(3-pyridyl)-liy-mdole. From 5-bromo-l-(3-pyridyl)- 
lii/-indole and 3-ethoxyphenylboronic acid. 

5 Example 18. 5-(3-Nitrophenyl)-l-(3-pyridyl)-l^-mdoIe. From 5-bromo-l-(3-pyridyl)- 
l//-indole and 3-nitrophenylboronic acid. 

Example 19. 5-(3-CyanophenyI)-l-(3-pyridyl).ljH-indole. From 5-bromo-l-(3-pyridyl)- 
l/f-indole and 3-cyanopheoylboronic add. 

Example 20. 5-(2-MethylphenyI)-l-(3-pyrjdyl)"lJ5r-indole. From 5-bromo-l-(3-pyridyl)- 
1 0 1/f-indole and 2-methylphenylboronic add. 

Example 21. 5-(2-Chlorophenyl).l-(3-pyridyl)-L&-mdole. From 5-bromo-l-(3-pyridyl)- 
1 //-indole and 2-chlorophenylboronic add. 

Example 22. 5«(2-Fluorophenyl)-l-(3-pyridyl)-lfir-indole. From 5-bromo-l-(3-pyridyl)- 
IH-indole and 2-flviorophenylboronic acid. 

15 Example 23. 5-(2-Trifliioromethylphenyl)-l-(3-pyridyl)-Ler-iiidole. From 5-bromo-l-(3- 
pyridyl)-l/f-indole and 2-trifluoromethylphOTylboronic add. 

Example 24. 5-(2-Methoxyphenyl)-l-(3-pyrldyI>LH-indole. From 5-bromo-l-(3- 
pyridyl)-l/f-indole and 2-mefhoxyphenylboronic add. 

Example 25. 5-(2-Acetylphenyl)-l-(3-pyridyl)-Lff-indole. From 5-bromo-l-(3-pyridyl)- 
20 l/y-indole and 2-acetylpheiiylboronic acid. 

Example 26. 5-(3-Thienyl)-l-(3-pyridyl)-U5r-indole. From 5-bromo-l-(3-pyridyl)-l//- 
indole and 3-thiophCTeboromc add. 

Example 27. 5-(3-Fur>i).l.(3-pyridyl>LfiWndole. From 5"bromo-l-(3-pyridyl)-liy- 
indole and 3-furanboronic add. 

25 Example 28. l,5-Z^fe(3-Pyridyl>Lff-jndole. From 5-bromo-l-(3-pyridyl>li/-indole and 3- 
pyridineboronic acid. 

Method D. Synthesis of 5-(4-morpholinyl>l-(3-pyridyl)-l^-indole (Example 29) 

Pd2(dba)s. DME 
BINAP, NaOtBu 




NH 




To 5-bromo-l-(3-pyridyl)-l^-indole (100 mg, 0.37 mmol) in degassed DME (2 mL) 
30 was added Pd2(dba)3 (10.1 mg, 0.011 mmol), BINAP (9.1 mg, 0.015 mmol), moipholine 
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(38.3 mg, 0.44 mmol), and sodium /-butoxide (49.3 mg, 0.51 mmol). The mixture was 
heated at lOO^'C for 4 days.' It was then diluted with EtOAc and filtered. . The filtrate was 
concentrated and the residue purified by HPLC to provide 1 8.2 mg of the desired product as 
its TFA salt. ^HNMR (CDCI3) 5 8.85 (d, IH), 8.67 (dd, IH), 7.89 (m, IH), 7.75 (s, IH), 
7-57 (m, 2H), 7.42 (d, IH), 7.36 (dd, IH), 6.78 (d, IH), 4.15 (dd, 4H), 3.47 (dd, 4H). 

Method E. Sjnithesis of 5-amino-l-(3-pyridyI)-lB-uidole (Intermediate J). 



-NH2 ^^^^f NaH/DMF 




H 

5-Amino-l/r-indole (5.0 g, 37.8 mmol) in anhydrous DMF (150 mJL) was cooled to 
O^C whereby NaH (60% dispersion in mineral oil, 1.82 g, 45.4 imnol) was added in portions. 

10 Upon complete addition of NaH, the reaction mixture was allowed to wami to room 
temperature over 1 hour. Then 3-fluoropyridine (4.41 g, 45.4 mmol) was added and the 
reaction mixture stirred at 100**C overnight. The mixture was then adsorbed onto silica gel 
and eluted with 5 column volumes of EtOAc/Hexane (1:1) followed by MeOH. The MeOH 
eluent was concentrated to provide a dry paste which was then dissolved in a minimal 

15 amount of CH3CN and acidified witb 1 //HCl/Et20 whereupon a white solid precipitated. 
The solid was filtered off and dried (7.6 g). HPLC Rt = 0.75 min; ^H-NMR (DMSO-de) 6 
6.82 (d, IH), 7.20 (d, IH), 7.69 (m, 3H), 7.85 (s, IH), 8.16 (d, IH), 8.63 (d, IH), 8.93 (s, 
IH), 10.16 (br s, 2H); LC/MS [M+lf 210.2. 

Method F. Exemplified by the sjoithesis of A^-[l-(3-pyridyl)-lir-indol-5- 
20 yljmethanesulfonamide (Example 30). 

MeSp^l 
pyridine 





to a solution of l-(3-pyridyl)-l^-indol-5«amine hydrochloride (100 mg, 0.41 mmol) 
in pyridine (3 mL) and CH2CI2 (3 mL) was added methanesulfonyl chloride (69.9 mg, 0.61 
mmol). The mixture was allowed to stir under argon for 16 h at room temperature. After the 
25 addition of saturated NaHCOs (33 mL), the mixture was extracted with GH2CI2 (3 x 30 mL). 
The combined extracts were dried over Na2S04, filtered, and concentrated. The solid residue 
was then heated in CH3CN which was filtered while warm to provide 50.2 mg of the desired 
product. ^HNMR (DMSO-dg) 5 9124 (is, IH), 8.83 (s, IH), 8.57 (d, IH), 8.05 (d, IH), 7.72 
(s, IH), 7.60 (m, IH), 7.52 (m, 2H), 7.1 1 (d, IH), 6.72 (d, IH), 2.90 (s, 3H). 

30 Similarly prepared were the following, characterizing data for which are shown 

in Table 2 below: 
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Example 31. A^Il-(3-Pyridyl)-l//-indol-5-yl}ethanesulfonainide. From l-(3-pyridyl)- 
l//-indol-5-amine and ethanesulfonyl chloride. 

Example 32. iV-Il-(3-Pyjidyl)-ljy-iiidol-5-yI]benzenesulfonainide. From l-(3-pyridyl)- 
17/-indol-5-amine and benzenesulfonyl chloride. 
5 Example 33. JV-fl-(3-Pyridyl)-l.&-indol-5-yl]benzylsulfonainidc From l-(3-pyridyl)- 
17/-indol-5-amine and benzylsulfonyl chloride. 

Example 34. A^-Il-(3-Pyridyl)-l^-indol-5-yl]-4-fliioroben2enesulfonamide. From l-(3- 
p>Tidyl)-l/f-indol-5-amine and 4-fluoroben2enesulfonyl cWoride. 

Example 35. iV-Il-(3-Pyridyl)-l//-indol-5-yI]-4-<^'anoben2enesulfonamlde. From l-(3- 
10 p)Tidyl)-l/f-indcl-5-amine and 4-cyanoben2enesulfonyl chloride. 

Example 36. ;V-Il-(3-Pyridyl)-l/^-indol-5-yl]-4-methoxybenzenesulfonamide. From 1- 

(3-pyridyl)-l/f-indol-5-amine and 4-methoxybenzenesulfonyl chloride. 

Example 37. A-ll-(3-Pyridyl)-l/f-uidol-5-yl]-4-nitrobenzenesulfonamide. From l-(3- 

pyridyl)-l//-indoI-5-amine and 4-nitrobenzenesulfonyl chloride. 
15 Example 38. iV-(l-(3-Pyridyl)-l^-indoI-5-yll-4-trifluoroinethylbenzenesuIfonamidc. 

From l-(3-pyridyl)-li/-indol-5-amine and 4-trifluoromethylbenzene-sulfonyl chloride. 

Example 39. iV-ll-(3-Pyridyl>llWndol-5-yIl-4-acetj'lbenzcnesulfonamide. From l-(3- 

p>aidyl)-lH-indol-5-amine and 4-acetylben2enesulfonyl chloride. 

Example 40. iV-Il-(3-Pyridyl)-li7-indoI-5-yll-4-methylben2enesulfonamide. From l-(3- 
20 p\Tidyl)-l//-indol-5-amine and 4-methylbenzenesulfonyl chloride. 

Example 41. ;V-ll-(3-Pyridyl)-l.Sr-indol-5-yl]-4-isopropylben2enesulfonamide, From 1- 

(3-pyridyl)-li/-indol-5-amine and 4-isopropylben2enesulfonyl chloride. 

Example 42. A^-Jl-(3-Pyridyl)-l//-indol-5-yI]-4-r-butylbenzenesulfonaniide. From l-(3- 

p>'ridyl>l//-indol-5-amine and 4-z-butylben2enesulfonyl chloride. 
25 Jlxample 43. A-|l-(3-PyridyI)-l£?-indoI-5-yll-3-fluorobenzenesulfonamide. From l-(3- 

p>a-idyl)-l/f-indol-5-amine and 3-fluorobenzenesTilfonyl chloride. 

Example 44. iV-Il-(3-Pyridyl)-l//-indol-5-yl3-2-fluorobenzenesulfonamide. From l-(3- 
pyridyl>l//-indol-5-amine and 2-fluorobenzenesulfonyl diloride. 

Example 45. Ar.|i.(3-Pyridyl)-l//-iMdol-5-yl]-2-trifluoromethylben2enesulfonanilde. 
30 From 1 -(3-pyridyl)-liy-indol-5-amine and 2-trifluoromethylbenzene-sulfonyl chloride. 

Example 46. jV-Il-(3-Pyridyl)-l/f-indol-5-yl3-2-methylben2enesuIfonamide. From l-(3- 
p\Tidyl)-.lF-indol-5-amine and 2-metiiylbenzenesulfonyl chloride. 
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Example 47. A'^[l-(3-Pyridyl)-l^-indol-5-yll-2-chloro-3-fluoroben2enesulfonamide. 
From l-(3-pyridyl)-l//-indol-5-aniine and 3-fluorobenzenesulfonyl chloride. 

Exaini>le48. iV-|l-(3-Pyridyl)-l^-indol-5-ylJ-3,4-difluoroben2enesulfonamide. From J- 
(3-pyridyl)-l^-indol-5-amine and 3,4-difluorobenzenesulfonyl chloride. 

Example 49. iV-Il-(3-Pj'ridyl)-lB-indol-5-yl]-2,5-difluoroben2enesulfonamide. From 1- 
(3-pyridyl)-l/^indol-5-amine and 2,5-difltioroben2enesulfonyI chloride. 

Method G. Exemplified by the synthesis of 5-(l-piperidinyl)-l-(3-pyridyl)-ljy-indoIe 
(Example 50). 

" EtN(iPr)2, toluene 

► 





10 5-Amino-l-(3-pyridyl)-lif-indole dihydrochloride (100 mg, 0.35 mmol) was 

dissolved in dry toluene (5 mL) and treated with ethyldiisopropylamine (0.31 mL, 1.80 
nunol) and 1 ,5-dibromopentane (0.048 mL, 0.35 mmol). The mixture was heated at r^ux 
overnight. The solvent was decanted from an insoluble solid wfaidi was subsequently 
washed with efhyl acetate. The combined organic phases were washed with water, dried 

15 (sodium sulfate), filtered and concentrated to afford, a colorless oil (106 nig). Purification of 
the oil by flash chromatography (EtOAc/hexme 1:1) gave 64 mg (65%) of a colorless oil. *H 
NMR (CDas) 6 8.82 (s, IH), 8.61 (d, IH), 7.82 (mi, IH), 7.47 (m, 3H), 7.30 (d, IH). 7.20 
(m, IH), 6.67 (d, IH), 3.20 (m, 4H), 1 .85 (m, 4H), 1 .60 (m, 2H). 

Similarly prepared was the foUowing: 

20 Example 51. l-(3-Pyridyl)-5-(l^pyrroMdinyl)-LH-indole. From 5-amino-l-(3-pyridyl)- 
l//-indole dihydrochloride and 1 ,4^ibromobutane. White solid (70%): *H NMR (CDCI3) 5 
8.82 (s, IH), 8.55 (d, IH), 7.80 (d, lH), 7.43 (m, 2H), 7.24 (d, IH), 6.85 (s, IH), 6.70 (d,lH), 
6.60 (d,lH), 3.37 (m, 4H), 2.05 (m, 4H). 

Method H. Synthesis of ]-(3-pyridyl)-5-phenylamino-LSr-iiidole (Example 52). 

Pd(dba)2, toluene 
P(tBu)3, NaOtBu 

*^ ^ -Br ' 





A mixture of 5-amino-l-(3-pyridy])-l;fir-indole (218 mg, 1.04 mmol), bromobenzene 
(0.115 mL, 1.10 mmol), i)&(dibenzylideneacetone)palladium (12 mg, 0.02 mmol), tti-t- 
butylphosphine (0.004 mL, 0.016 mmol) and sodium r-butoxide (144 mg, 1.5 mmol) in 
toluoie (1.5 iiiL) was vigorously stirred at room tonperature for 3 days. The ihixture was 
30 diluted with ethyl acetate, filtered and concentrated. Purification of the resulting residue by 
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flash Chromatography (EtOAc/hexane 1:1) afforded 104 mg (35%) of desired product, *H 
NMR(CDCl3) 6 8.84 (m, iH), 8.61 (m, IH), 7.82 (m, IH), 7.45 (m, 3H), 121 (m, 3H), 7.05 
(m, 3H), 6.87 (m, IH), 6.65 (m, IH), 5.77 (broad, IH). 

Method 1. Synthesis of 5-(3-pyridyl)-lJ?-indole (Intermediate K). 



5-Bromo-li/-indole (3.0 g, 15.3 mmol) in 1,2-dimethoxyethane (30 mL) was treated 
with tetrakis(triphenylphosphine)pa]ladiiim (1 .76 g, 1 .52 mmol). The mixture was stirred for 
15 min. before pyridine-3-boronic add (1.88 g, 15.3 mmol) was added, followed by 2M 
sodium carbonate solution (39 mL» 78 mmol). The mixture was heated at 75**C for 5 h 
before the organic layer was separated. The aqueous layer was extracted witii ethyl acetate. 
TTie combined organic phases were washed with a saturated sodium chloride solution, dried 
(sodium sulfate), filtered and concentrated. The resulting residue was purified by flash 
chromatogi aphy (EtOAc/hexane 1:1) to afford 0.56 g (19% yield) of a white solid. *H NMR 
(CDOa) 5 8.83 (s, IH), 8.48 (m, IH), 8.33 (broad s, IH), 7.90 (m, IH), 7.80 (s, IH), 7.42 (d, 
IH), 7.35 (m, 2H), 7.22 (m, IH), 6.58 (d, IH). 

Method J. ExempUfied by the synthesis of l-(2-fluorophenyl)-5-(3-pyridyl)-LW-indoJe 
(Example 53). 



5-(3-Pyridyl)-liJ-indole (50 mg, 0.26 mmol) was mixed with l-bromo-2- 
fluorobenzene (0.028 mL, 0.26 mmol), 2-dicyclohexylphosphino-2'-(W- 
dimethylamino)biphenyl (5 mg, 0.013 mmol), o-is(dibenzylideneacetone)dipalladium (0) (12 
mg, 0.013 jnmol) and sodium /-butoxide (35 mg, 0.36 mmol) in toluene (2 mL) and heated at 
110**C overnight. The mixture was filtered tlirough Celite and the filtrate concentrated to 
give a tan oil (45 mg). Purification of the oil by flash chromatography (EtOAc/hexane 2:3) 
afforded 16 mg of a pale yellow oil (22%). 'H NMR (CDCI3) 6 8.91 (s, IH), 8.56 (m, IH), 
7.90 (m, 2H), 7.40 (m, 8H), 6.78 (d, IH). 

Similarly prepared were the following: 
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Example 54. l-(3-Cyanoj3henyl)-5-(3-pyridyl)-m-indole. From 5-(3-pyridyl)-l //-indole 
and S-bromobenzonitrile. Pinkish oil (9%). NMR (CD3OD) 6 9.20 (s, IH), 8.92 (m, IH), 
8.77 (d, IH), 8.1 3 (m, 2H), 7.96 (m, 2H), 7.76 (m, 3H), 7.66 (m, 2H), 6.86 (d, IH). 

Example 55. l-(3-Fluoroplienyl)-5-(3-pyridyl)-LH-iiidole. From 5-(3-pyridyl)-l/^indole 
,5 and 3-biomo-l-fluorobenzene. Yellow oil (39%). *H NMR (CDCI3) 5 8.81 (s, IH), 8,48 
(m. IH), 7.83 (m, 2H), 7.59 (d, IH), 7.40 (m, 2H), 7.23 (m, 4H), 7.00 (m, IH), 6.67 (d, IH). 

Method K. Exemplified by the synthesis of l-(2^chlorophenyl)-S-(3-pyridyl)-l^-indole 
(Example 56). 




OC 



NaH. DMF 




16 5-(3-Pyrid5d)-l//-indolc (50 mg, 0.26 mmol) was dissolved in dry DMF (1.5 mL), 

cooled by an ice watw bafli and treated with 60% sodimn hydride (oil dispersion, 15 mg, 
0.38 mmol). The mixture was stirred at room tetnperanire for half an hour before 1 -chloro- 
2-fluorobenzene (0.04 mL, 0.38 mmol) was added. The mixture was heated at IWC 
overnight. Ice water (7.5 mL) was carefully added. The product was extracted with ethyl 

15 acetate to give a beige oil (82 mg). Purification of the oil by flash diromatography 
(EtOAc/hexane 2:3) afforded 49 mg (63%) of a coloriess oil. 'H NMR (CDCI3) 5 8.90 (s, 
IH), 8.53 (m, 1 H), 7.88 (m, 2H), 7.58 (m, IH), 7.37 (m, 6H), 7.21 (d, IH), 6.75 (d, IH). 

Similarly prepared were the following: 

Example 57. l-(2-P>'ridyl)-5-(3-pyridyl)-lfr-indole. From 5-(3-pyridyl>l/r-indole and 2- 
20 fluoropyridine. Coloriess oil (96%). ^H NMR (COas) 6 8.91 (s, IH), 8 55 (m, 2H), 8.30 (d, 
IH), 7.80 (m, 4H), 7.46 (m, 2H)i 7.32 (m, IH), 7.15 (m, IH), 6.75 (d, IH). 

Example 58. 1-(2-Cyanophenyl)-5-(3-pyridyl)-lJ?-indolc. From 5-<3-pyridyl)-l //-indole 
and 2-fluorobenzomtrile. White solid (86%). Mp 138-141*0; 'H NMR (CDCb) 8 8.88 (s, 
IH), 8.55 (m, IH), 7.86 (m, 3H), 7.71 (m, IH), 7.59 (d, IH), 7.41 (m, 5H), 6.80 (d, IH). 

25 Example 59. l-(3-Bromoplicnyl)-5-(3-pyridyl)-1jy-indole. From 5-(3-pyridyl)-l //-indole 
and 3-bromo-l-fluorobenzene. Coloriess oil (61%). 'H NMR (GDQs) 5 8.92 (s, IH), 8.58 
(d, 1 H), 7.90 (m, 2H), 7.65 (m, 2H), 7.42 (m, 6H), 6.75 (d, IH). 

Example 60. 1 -(3-Chloj ophenyl)-5-(3-pyridyl)-Liy-indole. From 5-(3-pyridyl)-l//-indole 
and 3-chloro-l-fluoroben2ene. Coloriess oil (63%). 'H NMR (CDCI3) S 8.90 (s, IH), 8.58 
30 (d, IH), 7.92 (m, 1 H), 7.87 (s, IH), 7.63 (d, IH), 7.44 (m, 7H), 6.77 (d, IH). 
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Method L. Sjnthesis of l-(3-pyridyI)-S-(4,4,5,5-tetramethyI-l^,2-dioxaborolan-2-yl)- 
l/T-indole (Intermediate L)'. 




To degassed 1,4-dioxane (5 mL) was added 5-bromo-l-(3-pyridyl)-liy-indole (500 
5 mg,, 1.83 mmol), Pd(dppf)2Cl2 (44.8 mg, 0.055 mmol), and triethylamine (560 mg, 5.5 
mmol). This was allowed to stir for 5 minutes at room temperature before 4,4,5,5- 
tetramethyl-l,3,2-dioxaborolane (375 mg, 2.93 mmol) was added. The mixture was heated 
at 80°C fori? h and then filtered through Celite* and a silica plug. The solvent was removed 
and the residue used without furflier purification. 
10 Method M. Exemplified by the SA'nthesis of 5-(2-methyl-3-pyridyl)-l-(3-pyridyl)-l»- 
indole (Example 61). 




l-(3-Pyridyl)-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-l/r-indole (50 mg. 
0.16 mmol) was mixed with 3-bromo-2-methylpyridine (0.018 mL, 0.16 mmol) in 

15 dimethoxyethane (3 mL) and treated with /e?raA35(triphenylphosphine)palladium (0) (1 8 mg, 
0.016 mmol) and IM sodium carbonate solution (1.5 mL, 1.5 mmol). The mixture was 
heated at IS^C for 2 h and then diluted with ethyl acetate (7 mL). The organic phase was 
washed witii saturated sodium chloride solution, dried (sodium sul&te), filtered and 
concentrated to give a yellow oil (62 mg). Purification of the oil by flash chromatography 

20 (EtOAc/hexane 3:1 and then 4:1) afforded 25 mg (56%) of a colorless oil. Further 
purification by Gilson HPLC (YMC-Packed Pro CI 8 Colximn, 150 mm x 20 mm LD.; 
mobile phase: 5% ACN/water (0.1% TFA) to 90% ACN/water (0.1% TFA) over 13 min., 20 
mL/min.) gave a pale yellow oil (21 mg). *H NMR (CDaa) 5 9.08 (s, IH), 8.77 (m, 2H), 
8.27 (m, 2H), 7.85 (m, 2H), 7.70 (m, 2H), 7.50 (d, IH), 7.22 (m, IH), 6.90 (d, IH), 2.82 (s, 

25 3H). 

Similarly prepared were the following: 

Example 62. 5-(2-Pyrldyl)-l-(3-pyridyl)-ljr-indoIe. Froml-(3-pyridyl)-5-(4,4,5,5- 
tetramethyl-l,3,2-dioxaborolan-2-yl)-lJy-indo]e and 2-brom6pyridine. Colorless oil (31%). 
NMR (CDCI3) 6 8.80 (d, IH), 8.63 (s, IH), 8.59 (s, IH), 8.28 (d, IH), 7.77 (m, 4H), 7.55 
30 (m, IH), 7.43 (m, IH), 7.30 (m, IH), 7.20 (m, IH), 6.78 (d, IH). 
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Example 63. l-(3-Pyridyl)-5-(4-pyridyl)-lJ/-indoJe. FroinH3-pyridyl)-5-(4,4,5,5- 
letrainelhyl-l,3^-dioxaborolan-2-yl)-l/f-indole and 4-broniopyridine. White solid (50%). 
'H NMR (CDCI3) 5 8.79 (d, IH), 8.57 (m, 3H), 7.90 (s, IH), 7.79 (m, IH), 7.45 (m, 5H), 
7.32(d,lH),6.74(d, IH). 

.5 Example 64. 5-(2-]Vlethyl-5-pyridyl)-l-(3-pyridyl)-lH-indole. Froml-(3-pyridyl)-5- 
(4,4,5,5-tetramefliyl-l,3,2-dioxaborolan-2-yl)-liy-indole and 5-bromo-2-inethylpyridine. 
Pale yellow oil (25%). 'H NMR (CDQa) 5 9.05 (m, 2H), 8.75 (d, IH), 8.50 (d, IH), 8J27 (d, 
IH), 7.99 (s, IH), 7.88 (m, IH), 7.70 (m, 2H), 7.52 (m, 2H), 6.90 (d, IH), 2.86 (s, 3H). 

Example 65. 5-(5-Cyano-3-pyiidyl)rl-(3-pyridyl)-Lfr-indole. Froml-(3-pyridyl)-5- 
10 (4,4,5,5-tetrametliyl-l,3,2-dioxaborolan-2-yl)-l/r-indole and 3-bronio-5-cyanopyridine. 
Pale yellow solid (33%). 'H NMR (CDOs) 6 9.10 (s, IH), 8.88 (d, IH), 8.82 (s, IH), 8.68 
(d, IH), 8.20 (d, IH), 7.95 (m, 2H), 7.60 (m, 2H), 7.45 (m, 2H), 6.83 (d, IH). 

Example 66. 5-(4-Mcthyl-3-pyridyl)-l-(3-pyridyI)-l£r-indole. FromH3-pyridyl)-5- 
(4,4,5,5-ietraniethyl-l,3,2-djoxaborolan-2-yl)-l/r-indole and 3-bromo-4-methylpyridine, 

15 Method N. Exemplified by the synthesis of 2^-dimethyl-l,5-6w(3-pyridyl)-lH-indole 
(Example 67). 

'B(0H)2 DME, Na2C03 




^^^■^5^tHun>2 DME, Na2C03 jf^^ 



5-Bronio-2,3-dimethyl-l-(3-pyridyl)-l//-indole (73 mg, 0.24 mmol) was dissolved in 
20 1^-dimethoxyethane (2 mL) and treated with pyridine-3-boronic acid (30 mg. 0.24 mmol), 
tetrakis(triphenylphosphine)palladium (28 mg, 0.024 mmol) and 2M sodium carbonate 
solution (1.2 mL, 2.4 mmol). The mixture was heated at 75*0 for 3 h and then extracted 
with ethyl acetate to give a yellow oil (97 mg). Purification of tiie oil by flash 
chromatography (EtOAc/hexane 2:1) afforded 41 mg (56%) of an oil. Further purification 
25 by Gilson HPLC (YMC-Packed Pro CI 8 Column, 150 mm x 20 mm I.D.; mobile phase: 
40% ACN/water (0.1% TFA) to 90% ACN/water (0.1% TFA) over 13 min., 20 mlVmin.) 
yielded 22 mg of a beige oil. 'H NMR (CDsOD) 5 9.21 (s, IH), 8.97 (d, IH), 8.81 (m, 3H), 
8.23 (m, IH), 8.14 (m, IH), 8,02 (s, IH), 7.91 (m, IH), 7.57 (d, IH), 7.30 (d, IH), 2.40 {%, 
3H), 2.30 (s, 3H). 

30 Similarly prepared were the following: 

Example 68. 5-(2-Ch]orophenyl)-2,3-dimethyl-l-(3-pyridyl)-lJy-indole . From 5-bromo- 
2,3-dimethyl-l-(3-pyridyl)-liy-indole and 2.ch]orophenylboronic acid. Yellow oil (13%). 
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'H NMR (CD3OD) 5 8.82 (m, 2H), 8.28 (m, IH), 7.94 (m, IH), 7.52 (s, IH), 7.47 (m, IH), 
7.34 (m, 3H), 7.18 (s. 2H), 2.32 (s, 3H), 2.30 (s, 3H). 

Example 69. l-Phenvl-5-(3-pyiidyl)-m-indole. From 5-bromo-l-phenyl-l/f-indole and 
pyridiiie-3-boromc acid. Colorless oil (39%). miR (CDCI3) 6 8.94 (s, IH), 8.58 (m, 
IH), 7.90 (m, 2H), 7.64 (d, IH), 7.50 (m, 4H), 7.40 (m, 4H), 6.78 (d, IH). 
Example 70. 5.(4-MethyI-3-pyridyl)-l-(2-pyridyl)-l^-indole. From 5-bromo-l-(2- 
pyiidy)-li/-indole and 4.methylpyiidine-3-boromc acid. Beige oil (42%). 'H NMR 
(CDCI3) 6 8.59 (m, IH). 8.51 (s, IH), 8.43 (d, IH), 8.32 (d, IH), 7.83 (m. IH), 7.77 (m, IH), 
7.59 (s. IH), 7.50 (d, IH), 7.20 (m, 3H), 6.77 (d, IH), 2.35 (s, 3H). 

Example 71. 3-(3-C>'anophcnyl)-5-(4.methyl-3-pyridyl)-lH-indole. From 5-bromo-l-(3- 
cyanophenyl)-lif-indole and 4-methylpyiidin&-3-boronic acid. Pale yellow solid (46%). H 
NMR (CDCI3) 5 8.50 (s, IH), 8.43 (d, IH), 7.83 (s, IH), 7.80 (m, IH), 7.62 (m, 4H). 7.38 (d, 
IH), 7.20 (m, 2H), 6.79 (d, IH), 234 (s, 3H). 

Example 72. l.(2-Cyanophenyl>-5-(4.methyl-3-pyridyl).lH^-indole. From 5-bromo-l-(2- 
cyanophenyl)-m-indoleand4-methylpyridine.3-boronicacid. Beige solid (50%). H NMR 
(CDCI3) 5 8.52 (s, IH), 8.43 (d, IH), 7.88 (d, IH), 7.77 (m. IH). 7.62 (m, 2H), 7.50 (m. 2H), 
7.41 (d, IH). 7.20 (m. 2H), 6.80 (d, IH), 2.33 (s, 3H). 

Example 73. l,5.W5(3-pyridyl)-l^-iiidazole. From 5-bromo-l-(3-pyridyl>l//-indazole 
and pyridine.3-boTOnic acid. White solid (60«/o). ^H NMR (CDCI3) 5 9.10 (d, IH), 8.90 (d, 
IH), 8.62 (m, 2H), 8.30 (s, IH), 8.09 (m. IH), 8.00 (s, IH), 7.93 (m, IH), 7.83 (d, IH), 7.68 
(d, IH), 7.49 (m, IH), 7.40 (m, IH). 

Example 74. 5-(4-Fluoroplienyl)-l-(3-pyridyl)-lH-indazole. From 5-bromo-l-(3- 
pyridyl)-l//-indazolc and 4-fluorophenylboronic acid. White solid (43%). 'H NMR 
(CDa3) 5 9.02 (s, IH), 8.54 (m, IH), 8.21 (s, IH), 8.04 (m, IH), 7.85 (s, IH), 7.73 (d, IH), 
7.60 (d, IH), 7.26 (m, 3H), 7.07 (m. 2H). 

Example 75. 5-(4.MefhyI-3-pyridyl)-l-(2-pyridyl).lJy-indazole. From 5-bromo-l-(2- 
pyridyl)-l^-ir>da2ole and 4-methylpyridine-3-boronic add. Beige oil (43%). H NMR 
(CDCI3) 5 8.90 (d, IH), 8.53 (m, 2H), 8.47 (d. IH), 8.22 (s, IH), 8.05 (d. IH), 7.82 (m, IH), 
7.68 (s, IH), 7.44 (d, IH), 7.19 (m, 2H), 2.31 (s, 3H). 

Example 76. 5-(4-Methyl-3-pyridyl)-2-(2-pyridyl)-2^-inda2ole. From 5-bromo-2-(2- 
pyridyl)-2//-indazole and 4-methylpyridine-3.boronic add. Beige oil (32%). H NMR 
(CDCI3) 6 9.18 (s, IH), 8.53 (m, 2H), 8.47 (d. IH), 8.30 (d, IH), 7.92 (m, IH), 7.81 (d. IH), 
7.65 (s, IH), 7.27 (m, 3H), 2.35 (s, 3H). 

Method O. Synthesis of 3-l5-(4.methyl-3-pyridyl)-Lfir-iiidol-l-yllbeiizamidc (Example 
77) 
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Step 1. 5-Bromo-l-(3-cyanophenyl)-l//-indole (100 mg, 0.34 nrmol) was stirred in cone. 
H2SO4 at room temperature overnight. Then the mixture was carefully added to cold sodium 
carbonate solution until pH 4-5. Extraction with CH2CI2 and also CH2Cl2/2-propanol (4:1) 
5 gave 104 mg (98%) of 3-(5-bromo-lH-indoM-yl)ben2amide as a yellow solid. A portion of 
the solid was purified by Gilson HPLC (YMC-Packed Pro CI 8 Colunm, 150 x 20 mm LD.; 
mobile phase: 70-90% ACN/water (0,1% TFA) over 13 min., 20 mL/min.) to afford a white 
solid. *H NMR (CD3OD) 6 8.02 (m, IH), 7.89 (m, IH), 7.70 (m, 3H), 7.53 (d, IH), 7,47 (d, 
IH), 7.30 (d, IH), 6.66 (d, IH); LC/MS [M+lf 315.0 (M+H^, HPLC R* = 2.89 min. 

10 Step 2. A solution of 3-(5-bromo-l/y-indoM-yl)benzamide (50 mg, 0.16 mmol) in 1,2- 
dimethoxyethane (2 mL) and water (1 mL) was degassed for five minutes before sodium 
bicarbonate (53 mg, 0.63 mmol), 4-methylpyridine-3-boronic acid (33 mg, 0^4 mmol) and 
l,r-i£s(diphenylphosphino)ferrocene dichlorop^ladium (II) complex wifli dichloromethane 
(13 mg, 0.016 nmriol) were added. The mixtm-e was heated at reflux overnight. Extraction 

15 with ethyl acetate gave a dark oil (56 mg). Purification of the oil by flash chromatography 
(2% 2Af NH3/MeOH in EtOAc) afforded 12 mg (23%) of a beige solid. *H NMR (CDCI3) 
8 8.42 (s, IH), 8.38 (m, IH), 8.00 (s, IH), 7.72 (d, IH), 7.63 (d, IH), 7.57 (mi, 3H), 7.38 (d, 
IH), 7.14 (m, 2H), 6.67 (d, IH), 2.27 (s, 3H). 

Method Exemplified by the synthesis of 5-bromo-l-(4-methyl-3-pyridyI)-l//- 

20 indazole (Intermediate M). 



H 



Cu, Cul 
Br K2CO3 




5-Bromo-l//-inda2ole (465 mg, 2.36 mmol; prepared according to DeU'Erba, C. et 
al. Tetrahedron 1994, JO, 3529-3536) was mixed with copper (423 mg, 6.66 mol), cuprous 
25 iodide (63 mg, 0.33 mmol), potassium carbonate (1.3 g, 9.41 mmol) and 3-bromo-4- 
methylpyridine (1.2 mL), and then heated at 200*^C overnight. Dichloromethane was added 
and the mixture was filtered througji Celite. The dark mass obtained after concentrating the 
filtrate was purified by flash chromatography (EtOAc/hexane 2:3) to give a beige solid (30 
mg, 4%). LCMS [M+l]"" 288.2, HPLC Rt = 2.37 min. 
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Similarly prepared were the following, characterizing data for which are shown 
in Table 4 below: . 

Example 78. 5-Bronio-J-(4^inethyl"3-pyridyl)-ljy-ijidole. From 5-bromo-l^-indole and 
3-bromo-4-methylpyridine. 

5 Example 79. l-(4-Methyl.3-pyrjdyI)-ljy.indole-5-carbonitrile: From liWndole-5- 
carbonitrile and 3-bromo-4-methylpyridine. 

Example 80. Benzyl l-(4.methyl.3-pyrjdyl).Lfir-indoI-5-yl ether: From Benzyl l/T-indol- 
5-y] ether and 3-bromo-4-methylpyridine. 

5-B) omo-l-(2-niethyl.3-p}TidyI)-l^-jndole (Intermediate N). From 5-bromo-l/f-indole 
10 and 3-bromo-2-metibylpyridine. 

5-Bromo-l.(2-methyl-5-pyridyl).ll/iindole antermediate O). From S-bromc-l/Wndole 
and 5-bromo-2-inethylpyridine. 

Metliod Q. Exemplified by the synthesis of l-(4-methyl-3-pyridyl)-S-(3-pyridyl)-l//. 
inda^ole bls(trlf1uoroacetate) (Example 81) 

P<l(PPh3)4 
DME. N82C03 




Br ^.^5:^B(OH)2 




15 ^N* 

To 5-broino-l-(4-mefliyl-3-pyridyl)-l/r-inda2ole (30 mg, 0.104 mmol) in 1,2- 
dimethoxyethane (1 mL) was added pyridine-3-boronic add (26 mg, 0J212 iranol), 
/erraA/j(triphenylphosphine)palIadium (24 mg, 0.021 mmol) and 2A/ sodium carbonate 
solaition (0.5 mL, 1.0 mmol). The mixture was heated at 85*'C overnight. Extracti<m with 
»0 dichloromethane gave a brown residue (40 mg) which was purified by Gilson HPLC (YMC- 
Packed Pro CI 8 Column, 1 00 x 20 mm I.D.: mobile phase; 1 0-95% ACN/water (0.1 % TFA) 
over 9 min., 20 mL/min.) to afford 7 mg (13%) of a colorless oil. 'H NMR (CD3OD) 5 9.24 
(s, IH), 8.95 (m, IH), 8.82 (m, 2H), 8.74 (m, IH), 8.53 (s, IH), 8.41 (s, IH), 8.16 (m, IH), 
7.96 (d, IH), 7.85 (m, IH), 7.60 (d, IH), 2.38 (s, 3H). 

5 Similarly prepared were the foUoMing: 

Example 82. l-(4-MethyI-3-pyridyI).5-(3-pyridyJ)-L»-indoIe. From 5-bromo-l-(4- 
methy].3-pyridyl)-liy-indole and pyridine-3-boronic acid. Beige gel (27%); 'H NMR 
(CD?OD) 6 9.20 (s, IH), 8.85 (m, 2H), 8.79 (m, 2H), 8.20 (s, IH), 8.15 (m, IH), 8.02 (d, 
IH), 7.67 (d, IH), 7.56 (d, IH), 7.33 (d, IH), 6.97 (d. IH), 2.34 (s, 3H). 

D Example 83. l-(4-Methyl.3-pyridyI)-5-(4-pyridyl)-LSr-indole. From 5-bromo-l-(4- 
methy]-3-pyridyl)-l/r-indole and p>Tridine-4-boronic add. Yellow gel (25%); 'H NMR 
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(CD3OD) 5 8.79 (m, 4H), 8.;fl3 (m. 3H), 7.94 (m, IH), 7-88 (m, IH), 7.59 (d, IH), 7.35 (d, 
IH), 7.00 (d, IH), 2.30 (s, 3H). 

Example 84. l,5-AM(4-Methyl-3-pyHdyl)-lfr-indolc From 5-bromo-l-(4-inethyl-3- 
pyridyl)-l^r-mdole and 4.methylpyridine-3-boronic acid. Colorless gel (33%); 'H NMR 

-5 (CD3OD) 8 8.91 (broad, 1 H), 8.80 (broad, IH), 8.73 (s, IH), 8.69 (d, IH), 8.02 (m, 2H), 7.83 
(s, IH), 7.58 (d, IH), 7.30 (m, 2H), 6.94 (d, IH), 2.63 (s, 3H), 2.38 (s, 3H). 
Example 85. 5-(3-Furyl)-l-(4-methyl-3-pyridyl)-l/7-indole). From 5-bromo-H4- 
methyl-3-pyridyl)-l/f-indole and furan-3-boromc acid. Beige gel (19%); 'H NMR 
(CD3OD) 6 8.82 (broad , IH), 8.73 (broad, IH), 7.94 (m, IH), 7.84 (m, 2H), 7.53 <d, IH), 

10 7.42 (d, IH), 7.39 (d, IH), 7.07 (d,lH), 6.80 (m,2H), 2.32 (s,3H). 

Example 86. l-(4-Methyl-3-pyridyl)-5-(3-thienyl)-l£r-indole. From 5-bromo-l-(4- 
methyl-3-pyridyl)-l/^indole and thiophene-3-boronic add. Yellow gel (10%); 'H NMR 
(CD3OD) 6 8.78 (m, 2H), 7.95 (m. 2H), 7.47 (m, 5H), 7.10 (d, IH), 6.81 (d, IH), 2.30 (s, 
3H). 

15 Example 87. l-(4-Metliyl-3-pyridyI)-5-phenyI-lfr-indole. From 5-lMX)mo-l-(4-methyl-3- 
pyridyl>li^indole and phenylboronic acid. Yellow gel (14%); 'H NMR (CD3OD) 5 8.75 
(m, IH), 8.68 (m, IH), 7.92 (s, IH), 7.85 (d, IH), 7.63 (d, 2H), 7.42 (m, 4H), 7J27 (m, IH), 
7.13 (d, IH), 6.84 (d, IH), 2.30 (s, 3H). 

Example 88. 5-(2-Fluoi ophenyl)-l-(4-methyl-3-pyridyl)-1Jy-indole. From 5-bromo-l-(4- 
20 methyl-3-pyridyl)-lJy-indole and 2-fluorophenylboronic acid. Beige gel (28%); 'H l^WvlR 
(CD3OD) 6 8.43 (m, 2H), 7.75 (s, IH), 7.44 (m, 2H), 7.20 (m, 5H), 6.95 (d, IH), 6.70 (d, 
IH), 2.08 (s, 3H). 

Example 89. 5-(2-Cyanopbenyl)-l-(4-methyl-3-pyridyl)-LSr-indole. From 5-bromo-l-(4- 
methyl-3-pyridyl)-l//-indole and 2-cyanophenylboronic acid. Beige gel (5%); *H NMR 
25 (CD3OD) 6 8.43 (m, 2H), 7.80 (d, IH), 7.74 (d, IH), 7.45 (m, 6H), 7.01 (d, IH), 6.75 (d, 
lH),2.10(s,3H). 

Example 90. 5-(2-Chlo) ophenyl)-l-(4-mcthyl-3-pyridyl)-UT-indole. From 5-bromo-l-(4- 
methy]-3-pyridy])-lH-indole and 2-chlorophenylboronic add. Beige gel (7%); 'H NMR 
(CD3OD) 5 8.44 (d, 2H), 7.60 (s, IH), 7.30 (m, 7H), 6.94 (d, IH), 6.68 (d, IH). 2.09 (s, 3H). 
30 - Example 91. 5-(3-Fluoj ophenyl)-l-(4-methyl-3-pyridyl)-li?-indole. From 5-bromo-l-(4- 
methyl-3-pyridyl)-l/f-indole and 3-fluorophenylbororac add. Beige gel (43%); *H NMR 
(CD3OD) 6 8.42 (broad, 2H), 7.82 (s, IH), 7.46 (d, IH), 7.34 (m, 5H), 6.94 (m, 2H), 6.72 (d, 
lH),2.06(s,3H). 

Example 92. 5-(3-Chlorophenyl)-l-(4-metbyl-3-pyridyl)-L£r-indole. From 5-bromo-l- 
35 (4-methyl-3-pyridyl)-l/^indole and 3-chlorophenylboronic add. Beige gel (10%); 'H NMR 
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(CD3OD) 5 8.65 (m, 2H), 7.82 (s, IH), 7.78 (m, IH), 7.52 (s, IH), 7.45 (d, IH), 7.37 (d, IH), 
7.30 (d, 2H), 7.19 (d, IH), 7.04 (d, IH), 6.75 (d, IH), 2.20 (s, 3H). 

Example 93. l-(4-Methyl-3-pyjidyl)-5-(3-nitrophenyl)-LH-indole. From 5-broino-l-(4- 
methyl-3-pyridyl)-m-indole and 3-nitrophenylboronic add. Yellow gel (26%); H NMR 
5 (CD3OD) 5 8.82 (broad, 2H), 8.48 (d, IH), 8.18 (d, IH), 8.02 (m, 3H), 7.67 (m, IH), 7.57 (d, 
IH), 7.48 (d, IH), 7.21 (d, IH), 6.90 (d, IH), 2.36 (s, 3H). 

Example 94. 5-(4-Fluoropl)enyl)-l-(4-MethyI-3-pyridyl)-Lff-indole. From 5-bromo-l- 
(4-methyl-3-pyridyl)-li/-indole and 4-fluorophenylboronic acid. Beige powder (41%); Mp 
120-122°C; 'H NMR (CDCI3) 5 8.68 (broad, 2H), 7.89 (s, IH), 7.61 (m, 2H), 7.40 (d, 2H), 

10 7.14 (m, 4H), 6.79 (d, IH), 2.1 8 (s, 3H). 

Example 95. 5-(4-Cyanopheny])-l-(4-methyl-3-pyridyl)-l»-indole. From 5-bromo-l-(4- 
methyl-3-pyridyl)-lif-indole and 4-cyanophenylboronic acid. Yellow gel (13%); 'H NMR 
(CD3OD) 5 8.80 (m, 2H), 8.02 (s, IH), 7.97 (m, IH), 7.83 (d, 2H), 7.77 (d, 2H), 7.55 (d, 
IH), 7.46 (d, IH), 7.20 (d, IH), 6.89 (d, IH), 2.32 (s, 3H). 

15 Example 96. 5-(4-ChloroplicnyI)-l-(4-methyl-3-pyiidyl)-LW-iiidole. From 5-bromo-l- 
(4-methyl-3-pyridyl)-lH-indole and 4-chlorophenylboronic acid. Yellow gel (9%); H 
NMR (CD3OD) 6 8.83 (m, IH), 8.74 (m, IH), 7.95 (m, 2H), 7.62 (m, 2H), 7.44 (m, 4H), 
7.1 5 (d, 1 H), 6.83 (d, IH), 2.32 (s, 3H). 

Example 97. l-(4-Methyl-3-pyridyl)-5-(4-triiluoromethylphenyl)-lJy-indole. From 5- 
20 bromo-l-(4-methyl-3-pyridyl)-li/-indole and 4-trifluoromethylphenyl-boronic acid. Beige 
gel (21%); 'H NMR (CD3OD) 5 8.81 (m, 2H), 8.00 (m. 2H), 7.82 (d, 2H), 7.71 (d, 2H), 7.56 
(d, IH), 7.44 (d, IH), 7.20 (d, IH), 6.88 (d, IH), 2.34 (s, 3H). 

Example 98. 5-(4-Methoxj'phenyl)-l-(4-niethyl-3-pyridyI)-l/r-indole. From 5-broroo-l- 
(4-methyl-3-pyridyl)-l/f-indole and 4-methoxyphenyl-boronic acid. Yellow gel (29%); H 
25 NMR (CD3OD) 5 8.83 (broad, IH), 8.73 (broad, IH), 7.95 (d, IH), 7.85 (s, IH), 7.56 (d, 
2H), 7.45 (d, IH), 7.40 (d, IH), 7.10 (d, IH), 6.99 (d, 2H), 6.82 (d, IH), 3.81 (s, 3H), 2.35 (s, 
3H). 

Example 99. l-(2rMetliyJ-3-pyndyl)-5-(3-pyrldyl)-lW-indoIe. From 5-bromo-l-(2- 
methyl-3-pyridyl)-li/-indole and pyridine-3-boronic add. Beige gel (96%); 'H NMR 
30 (CDCI3) 5 8.83 (m, IH), 8.59 (m, IH), 8.50 (m, IH), 7.85 (m, 2H), 7.60 (m, IH), 7.30 (m, 
3H), 7.15 (m, IH), 7.04 (d, IH), 6.72 (d, IH), 2.30 (s, 3H). 

Example 100. 5-(4-FIuoroplienyl)-l-(2-methyl-3-pyridyl)-1Jr-iJidole. From 5-bromo-]- 
(2-methyl-3-pyridyl)-ljH^indole and 4-fltiorophenylboronic add. Beige gel (41%); H NMR 
(CDCI3) 6 8.59 (d, IH), 7.80 (s, IH), 7.64 (d, IH), 7.52 (m, 2H), 7.30 (m, 2H), 7.07 (m, 4H), 
35 6.71 (d, IH), 2.30 (s,3H). 
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Example 101. 5-(3-Cyanophenyl)-l-(2-mcthyl-5-pyridyl)-lJy-faidole. From 5-bromo-l- 
(2-inethyl-5-pyridyl)-l//-indole and S-cyanophenylboronic acid. White powder (7%); H 
NMR (CDCI3) 6 8.70 (s, IH), 7.90 (m, 3H), 7.74 (m. IH). 7.57 (m, 3H). 7.40 (m, 3H), 6.79 
(d, IH), 2.66 (s, 3H). 

Example 102. l-(2-Methyl-5-pyridyl)-5-(3-pyridyl)-lH-jndole. From 5-bromo-l-(2- 
methyl-5-pyridyl)-l/^indole and pyridine-3-boronic acid. Clear gel (13%); 'H NMR 
(CD3OD) 6 9.21 (s, IH), 8.97 (m, 2H), 8.80 (d. IH), 8,50 (d, IH), «.15 (m, 2H), 7.90 (d, 
IH), 7.80 (d, IH), 7.73 (m, 2H), 6.96 (d, IH), 2.80 (s, 3H). 

Example 1 03. 3-(l-(4-Methyl-3-pyridyl)-l^-indol-5-yl]benzonitrile. From 5-bromo-l - 
(4-meth>d-3-pyridyl)-lif-indole and 3-cyanophenylboromc acid. 'H NMR (CD3OD, TFA 
salt) 5 8.80 (s, IH), 8.70 (d, IH), 8.00 (m, 3H), 7.91 (d, IH), 7.65 (m, 2H), 7.53 (d, IH), 7.45 
(d, IH). 7.19 (d, IH), 6.88 (d, IH), 2.30 (s, 3H). 

Method R. SjTithesis of l-(4-methyl-3-pyridyl)-5-(3-pyrimidyD-lfr-indole (Example 
104). 



nrr 



•^""/a DME, NaHCOs 



H 




Step 1. A mixture of 5-indolylboronic acid (2 g, 12.4 mmol), 5-bromopyrimidine (1.85 g, 
11.3 mmol), sodivm bicarbonate (2.85 g, 33.9 mmol), feft-fl^(triphenylphosphine) 
palladium (0.66 mg, 0.57 mmdl), 1,2-dimethoxyethane (100 mL) and water (50 mL) were 
20 heated at reflux for 6 h. The reaction mixture was diluted with dichloromethane and washed 
with water (2x) and brine, the organic layer was dried (sodium sulfate), fihered and 
concentrated in vacuo to give a crude product Purification by flash chromatography 
(EtOAc/hexane 1:1) afforded 1.761 g (80%) of 5-(5-pyrimidyl)-l/f-indole: LCMS rM+lf 
1 96, HPIX: R« =1 .89 mini 

25 Step 2. A mixture 5-(5-pyrimidy])-17/-indole (1 .6 g, 8.196 mmol), copper(I) iodide (0.19 g, 
0574 mmol), copper (0.73 g, 1 1.74 nmiol), potassium carbonate (2.83 g, 20.5 mmol) and 3-. 
"bromcHt-methylpyridine (8 mL) was stirred at 200*^0 under argon for 4 h. The mixture was 
cooled to room temperature and diluted with dichloromethane. Filtration followed by 
concentration of the filtrate gave a brown oil. Purification by flash chromatography 

30 (EtOAc/hexane 4:1) afforded 1.9 g (82%) of l-(4-methyl-3.pyridyl>5-(5-pyrimidyl)-l//- 
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indole. Anal. Calcd for C,8Hi4N4: C, 75.50; H, 4.93; N, 19.57. Found: C, 75.41; H, 4.85; N, 
19.70. 

The following compounds, as illustrative examples, can be made from commercially 
available 4-bromo-l//-indole and 6-bromo-li/-indole using Ae mettiods depicted in Scheme 
5 1 and the appropriate reagents: 

Example 105. 4-Phenyl-l-(3-pyridyl)-17ir-indole. 

Example 106. e-Pheayl-l-CS-pyridyl^l/i'-indole. 

Exiample 107. 4-(4-f-Butylphenyl)-l-(3-pyridj^)-l/r-indole. 

Example 108. 6-(4-Chlorophenyl)-l-(3-pyridyl)-l//^indole. 
10 Example 109. 4-(4-Fludrophenyl)-l-(3-pyridyl)-lJy-indole. 

Example 1 10. 6-(4-Trifluoromethylphenyl)-l-(3-pyiidyl)-lif-indole. 

Example 111. 4-(4-Meflioxyphenjd)-l-(3-pyridyl)-liir-indole. 

Example 1 12. 6-(4-Ethoxyphenyl)-l-(3-pyridyl)-li/-indole. 

Example 1 13. 4-(3-Furyl)-l-(3-pyridyl)-l//-indole. 
15 Example 114. 6-(3-Methylphenyl)-l-(3-pyrid3d)-l/f-indole. 

Example 115. 4-(3-Chlorophen>i)-l-(3-pyridyl)-lff-indole. 

Example 11 6. 6-(3-Fluorophenyl>l-(3-pyridyl)-l//-indole. 

Example 117. 4-(3-Trifluoromethylphenyl)-l-(3-pyTidyl)-li?-indole. 

Example 1 18. 6-(3-Methoxyphenyl)-l-(3-pyridyl>l/7-indole. 
20 Example 119. 4-(3-Ethoxyphenyl)-l-(3-pyridyl)-l^r-indole. 

Example 120. 6-(3-Nitrophenyl)-l-(3-pyridyl)-l^f-indole. 

Example 121. 4-(3-Cyanophenyl>l-(3-pyridyl)-l/y-indole. 

Example 122. 6-(2-Methylphenyl)-l-(3-pyridyI)-m-indole. 

Example 123. 4-(2-Chlorophenyl)-l-(3-pyridyl)-lii/-indole. 
25 Example 124. 6-(2-F]uorophenyl)-l-(3-pyridyl>lif-indole. 

Example 125. 4-(2-Trifluoromethylphenyl)-l-(3-pyridyl)-l//-indole. 

Example 126. 6-(2-Methoxyphenyl>l-(3-pyridyl>liy-indole. 

Example 127. 4-(2-Acetylphenyl)-l-(3-pyridyl)-l/f-indole. 

Example 128. 6-(3-Thienyl)-l-(3-pyridyl)-l-^^-indole. 
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Example 129. l,4-i>£s(3-Pynd5d)-lH-indole. 

Example 130. l,6-fcis(3-Pyridyl)-l//-indole. 
-. Example 131. 1 -(4-Methyl-3-pyridyl)-4-(4-trifluoroniethylphenyl)-l/r-indole 

Example 132. 6-(4-Methoxyphenyl)-l-(4-mefliyl-3-pyridyl)-l/r-indole. 
5 Example 133. 3-[l-(4-Methyl-3-pyridyl)-l/f-indol-4-yl]ben26nitrile. 

Example 134. l-(4-Methyl-3-pyridyl)-6-(3-pyrimidyl)-l/r-indole. 

Exiamplel35. l,6-Z)is(4-Methyl-3-pyridyl)-l/f-indole. 

Example 136. 6-(4-Fluorophenyl)-l-(4-methyl-3-pyridyl)-l/f-indole. 

Example 137. 4-(4-Cyahophenyl)-l-(4-methyl-3-pyridyl)-l^-indole. 
10 Example 138. 6-(4-Chlorophenyl)-l-(4-methyl-3-pyridyl)-]i?^indole, 

Example 139. l-(2-Fluorophenyl)-4-(3-pyridyl)-lif-indole. 

Example 140. l-(3-Cyanophenyl)-6-(3-pyridyl)-l/r-ind6le. 

Example 141. l-(3-Fluorophenyl)-4-(3-pyridyl)-l/r-indole. 

Example 142. l-(2-Chlorophenyl)-6-(3-pyridyl)-lir-indole. 
15 Example 143. l-(2-Pyridyl)-4-(3-pyridyl)-l //-indole. 

Example 144. l-(2-Cyanophenyl)-6-(3-pyridyl)-li?-indole. 
. Example 145. l-(3-Bromophenyl)-4-(3-pyridyl)-l/Wndole. 

Example 146. l-(3-Ch]orophenyl)-6-(3-pyridyl)-liy-indole. 

Example 147. 4-(2-Pyridyl)-l-(3-pyridyl)-177-indole. 
20 Example 148. l-(3-Pyridyl)-6-(4-pyridyl)-l=fir-indole. 

Example 149. 1 -Phaiyl-4-(3-pyridyl)-l/Wndole 

Example 150. 6-(4-Methyl-3-pyridyl)-l-(2-pyridyl)-l//-indole. 

Example 151. l-(3-Cyanophenyl)-4-(4-methyl-3-pyridyl)-17/-indole. 

Example 152. l-(2-Cyanophenyl)-6-(4-methyl-3-pyridyl)-l/frindole. 
25 - -Exan^le4S3.--4-(4-Methyl-3-p)aidyl)-4-(3-pyridyl)-l/r-indole. 

Example 154. l-(4-Methyl-3-pyrid5l)-6-(4-pyridyl)-l/r-indole. 

Example 155. l,4-fcw(4-Methyl-3-pyridyl)-liy-indole. 

Example 156. 4-(3-Furyl)-l-(4-methyi-3-pyridyl>l/r-indole. 
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Example 157. l-(4-Methyl-3-pyridyl)-6-(3-thienyl>l/r-indole. 

Example 158. l-(4-Methyl-3-pyridy])-4-phenyl-l/y-indole. 

Example 159. 6-(2-Fluorophenyl)-l-(4-methyl-3-pyridyl)-lif-indole. 

Example 160. 4-(2-Cyanophenyl)-l-(4-methyl-3-pyridyl)-lir-indole. 

5 Example 161. 6-(2-Chlorophenyl)-l-(4-methyl-3-pyridyl>liy-indole. 

Example 162. 4-(3-Fluorophenyl)-l-(4-methyl-3-pyridyl)-l/r-indole. 

Example 163. 6-(3-Chlorophenyl)-]-(4-methyl-3-pyridyl)-lff-indole. 

Example 164. l-(4-Metbyl-3-pyridyl)-4-(3-nitrophenyl)-l/f-indole. 

The following intennediates can be prepared according to literature procedures: 

10 5-Bromo-4-fluoro-]/f-indo]e (Laban, U. et al. Bio. Med. Chem. Lett. 2001 , 11, 793-795). 

5-Bromo-3-methyH/r-indole (Le Borgne, M. et al. Bio. Med. Chem. Lett. 1999, P, 333- 
336). 

5-Bromo-3-cyano-liy-indole (Jiang, B. Bio. Med Chem. 2000, 8, 363-371). 

5-Bromo-7-chloro-l.fir-indo]e (Ezquerra, J. J. Org. Chem. 1996, 57,5804-5812). 
15 5-Bromo-2-methyl-l^-indole (Merour, J.-Y. et al. Syn. Comm. 1996, 26, 3267-3276). 

5-Bromo-6-methoxy-liy-indole (Forbes, I.T. et al. PCT publication WO9602537, 1996). 

5-Bromo-7-metliyl-l.Sr-indole (Ambekar, S.Y. et al. Monatsh. Chem. 1967, 98, 798-801). 

5-Bromo-6-fluoro-l^-indo]e (Ackemaann, J. et al. PCT publication WO0244149, 2002). 

5-Bromo-3-isopropyl-l//-indole (Hailing, H. et al. PCT publication WO025 1805, 2002). 

20 5-Bromo-7-methyl-l/r-inda2ole (Dell'Erba, C. et al. Tetrahedron 1994, 50, 3529-3536). 

Each of the above publications is hereby incorporated herein by reference. 

Other 5-bromo-l//-indole and 5-bromo-l/r-inda2ole intennediates can also be 
prepared by these or similar procedures using fte appropriate starting materials. 

The following compoimds, as illustrative examples, can be prepared from the 
25 aforementioned intermediates by using the methods depicted in Scheme 1 and the 
appropriate reagents. 

Example 165. 4-Fluoro-]-(3-pyridyl)-5-(3-thienyl)-l^-indole. 
Example 166. 4-F]uoro-5-phenyl-l-(3-pyridyl)-l/r-indole. 
Example 167. 4-Fluoro-l,5-£>iy(3-pyridyl>l/r-indole. 
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4-Fluoro-l,5-i)is(4-meflij4-3-pyridyl>lff-indole. 

3- [4-Fiuoro-lK4-niethyl-3-pyridyl)-l/f4ndol-5-yl]bCTZomtrile.. 

4- Fluoro-5-(2-fluorophenyl)-l-(4-methyl-3-pyridyl)-lif-indole. 
3-Methyl-5-phen>d-l-(3-pyridyl)-l/r-indole. 
3-Methyl-l,5-feis(4-methyl-3-pyridyl>liy-mdole. 
3-[3-Methyl-l-(4-methyl-3-pyridyl)-177-ihdol-5-yl3benzonitrile. 
3-Cyano-5-phenyl-l-(3-pyridyl)-l/f-indole. 
3-Cyano-l,5-feiy(4-meth5^-3-pyrid3i>l/f-uidole. 
3-[3-Cyano-l-(4-metliyl-3-pyridyl)-l/r-indol-5-yl]baj2onitrile. 
7-Chloro-l,5-Z>ij(4-niethyl-3-pyridyl)-l/r-indole. 
7-Cliloro-5K2-fluorophenyl>l-(4-methyl-3-pyridyl)-l/r-indole. 
7-Chloro-l-(3-pyridyl)-5-(3-thienyl)-lir-indole. 
7-Chloio-5Tphai5^-l-(3-pyridyl)-l/r-indole. 
7-Chloro-l,5-£>is(3-pyridyl)-l^-indole. 

3-r7-ailoK)-l-(4-methyl-3-pyridyl)-ljFf-indol-5-yl]benzonitrile. 
2-Methyl-5-phen3d-l-(3-pyridyl)-l/r-iiidole. 

2- Methyl-l,5-feis(4-inethyl-3-pyridyi)-l^-indole. 

3- r2-Methyl-l-(4-methyl-3-pyridyl)-l/f-mdol-5-yl]benzonitrile. 
6-Methoxy-l-(4-inethyl-3-pyridyl)-5-(3-pyridyi)-lif-indoJe. 

6- Methoxy-H4-methyl-3-pyridyl)-5-phenyl-l/f-indole. 

7- Methyl-l,5-i£s(3-pyridyl)-i/y-indole. 

5- (3-Cyanophenyl)-7-methyl-l-(4-meth5d-3-pyridyl)-l/f-indole. 

6- Fluoro-l,5-£?£s(4-methyl-3-pyridyl)-lir-indole. 

6- Fluoro-5-(2-fluorophenyl)-l-(4-methyl-3-pyridyl)-l/f-indole. 

3-Isopropyl-l,5-Z>is(3-pyridyl)-l^-indole. 

5-(3-Cyanophenyl)-3-isopropyl-l-(4-methyl-3-pyridyl)-l/f-indole. 

7- MethyM -(4-methyl-3-pyridyl)-5-(3-pyridyl)-l^r-mdazole. 
5-(3-CyanophCTyl)-7-methyl-l-(4-methyl-3-pyridyl)-l/r-indazole. 
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The stniciures for the compounds of the invention, and data characterizing 
them, are shown in Tables 1-8 below. 

Table 1. 




Example 

n 


K 


TLC Rf 
(1:1 EtO Ac/Hex) 


LC/MS 
fM+l]'*' 


HPLC* 
Rt (min.) 


Synthetic 
Method 


J 


4-Me 


0.40 


285.4 


3.24 


C 




H 


0.28 


271.4 


3.07 


C 


D 


4-Et 


0.40 


299 A 


3 A3 


c 


A 
** 


4-f-Bu 


0.41 


321 A 


3.71 


c 


f 


4-Cl 


0.40 


305.4 


3.37 


c 


0 


4-F 


0.39 


289.3 


3.1 J 


c 


1 


4-CF3 


0.39 


339.4 


3.44 


c 




4-OMe 


0.39 








9 


4-OEt 


0.39 


315.3 


3.22 


c 


10 


4-C02Me 


0.34 


329.4 


3.07 


c 


n 


4-CO2H 




315.3 


2.81 


c 


12 


3-Me 


0.35 


285.4 


2.80 


c 


13 


3-Cl 


0.45 


305.4 


3.91 


c 


14 


3-F 




289.4 


3.71 


c 


15 


3-CF3 




339.4 


3.97 


c 


16 


3-OMe 




301.3 


3.60 


c 


17 


3-OEt 




315.3 


3.79 


c 


18 


3-NO2 ' 


316.3 


3.66 


c 


19 


3-CN : 0.31 




3.33 


c 


20 


2-Me ; 0.37 


285.4 


3.67 


c 


2] 


2-C] 


0.35 


305.3 


3.80 


c 


22 


2-F 


0.41 


289.4 


3.67 


c 


23 


2-CF3 


0.45 


339.4 


3.85 


c ! 


24 


2-OMe 


0.39 


301.3 


3.59 


C i 


25 


2-COMe 


0.32 


313.2 


3.38 


c 1 



* HPLC Method: 10-90% 0.1%TFA in CHsCN/O.P/o TFA in water; 4 min. gradient; 6.5 
min. total run time; Cis ODS column (2 mm x 23 mm, 5iim). 
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Example 

a 


R 


TLCRf 
(3:1 EtOAc/Hex) 


LC/MS 

rM+if 


HPLC^ 
Rt (min.) 


Synthetic 
Method 


30 


Me 


0.24 


288.1 


1.51 


F 


31 


Et 




302.1 


1.95 


F 


32 


Ph 




350.1 


2.39 


F 


33 


CHjPh 




364.2 


2.54 


F 


34 


4-F-Ph 




368.1 


2.49 


F 1 


35 


4-CN-Ph 




375.1 


2.45 


F 


36 


4-OMe-Ph 




380.1 


2.44 


F 


31 


4-N02-Ph 




395.1 


2.59 


F 


3R 


4-CF3-Ph 




418.1 


2.83 


F 




4-COMe-Ph 




392.1 


2.39 


F 


40 

•TV/ 


4-Me-Ph 




364.1 


2.55 1 


F 


41 


4-iPr-Ph 




392.2 


2.87 


F 


42 


4-tBu-Ph 




406.4 


2.87 


F 


43 


S-F-Ph 




368.2 


2.56 


F 


44 


2-F-Ph 




368.2 


2.46 


F 


45 


2-CF3-Ph 




418.1 


2.72 


F 


46 


2-Mc-Ph 




364.2 


2.58 


F 1 


47 


2-Cl-3-F-Ph 




402.1 


2.67 


F 


48 


3,4-F2-Ph 




386.1 


2.67 


F 


49 


2,5-F2-Ph 




386.1 


2.56 


F 



5 * HPLC Method: 10-90% 0.1 %TFA in CHsCN/Cl*/© TFA in water, 4 min. gradient; 6.5 
min. total run time; Cis CDS column (2 mm x 23 mm, 5\Mn). 
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Example 


R^ 


TLC Rf 


LC/MS 

rM+ir 


BPLC 
Rt (min.) 


Synthetic 
Method 


50 


1-piperidinyl 


0.2 (2:3 
EtOAc/Hex) 


278.3 


0.74 


G 


51 


1-pyrrolidinyl 


0.29 (1:2 
EtOAc/Hex) 


264.2 


0.83 


G 


52 


^FHPh 


0J29(1:1 
EtOAc/Hex) 


286.2 


2.88 


H 


29 


4-morpholinyl 




280.2 


1.14 


D 


26 


S-thienyl 


0.35(1:1 


277.3 


3.38 


C 
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EtOAc/Hex) 






1 


01 
z / 




FtOArTHex'^ 


261 1 


3.15 


c 


28 


3-pyridyl 


0.13 (1:1 


272.3 


1.36 


c 


62 


2-pyridyl 


0.24(1:1 


272.3 


0.75 


M 


63 


4-pyridyl 


0.2 (EtOAc) 


272.4 


1.64 


M 




^ ""1 vj. w ^ytyi iKXjf*. 


0 27 f4*l 

EtOAc/Hex) 


286.3 


1.25 


M 


64 


2-Me-5-pyridyl 


0.21 (4:1 
EtOAc/Hex) 


286.4 


1.05 


M 


65 


3.CN-5-pyridyl 


0.24 (3:2 
EtOAc/Hex) 


297.3 


2.43 


M 



Table 4. 




Example 

it 




TLC Rf 


LCMS 
[M+U* 


HPLC 
Rt (min.) 


Synthetic 
Method 


78 


Br 


0.31 (1:1 
EtOAc/Hex) 


287.2 


2.57 


P . 


79 


CN 


0.21 (1:1 
EtOAc/Hex) 


234.3 


2.68 


P 


80 


OCH2Ph 


0.33 (1:1 
EtOAc/Hex) 


315.2 


3.46 


P 


82 


3-pyridyl 


0.26 (EtOAc) 


286.3 


1.13 


0 


83 


4-pyridyl 


0.22 (EtOAc) 


286.4 


1.05 


0 


84 


4-Me-3- 
pyridyl 


0.3 (EtOAc) 


300.4 


1.18 


0 


104 


5- 

pyrimidyi 




287.3 


1.87 


R 


85 


3-fijryl 


0.3 (1:1 
EtOAc/Hex) 


275.5 


2.53 


0 


86 


3-thienyl 


0.29 (1:1 
EtOAc/Hex) 


291.3 


2.70 


Q 


87 


Ph 


0.34(1:1 

EtOAc/Hex) 


285.3 


2.93 


0 


88 


2-F-Ph 


0.28 (1:1 
EtOAc/Hex) 


303.5 


2.89 


Q 


89 


2-CN-Ph 


0.22(1:1 

EtOAc/Hex) 


310.3 


2.72 


0 


90 


2-Cl-Ph 


0.31 (1:1 
EtOAc/Hex) 


319.3 


3.06 


Q 


91 


3-F-Ph 


0.28(1:1 


303.5 


2.94 


0 
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EtOAc/Hex) 








92 




EtOAc/Hex) 




3 14 


0 


103 




EtOAc/Hex) 


OIU.H 


2 72 


0 


93 


3-N02-Ph 


0.25 (1:1 
tsuJAwrJexj 






o 


94 


4-F-Pli 


0.26 (1:1 
tivJAC/riexj 


3033 


3.01 


Q 


95 


4-CN-Ph 


0.53 (EtOAc) 


310.4 


2.83 


0 


96 


4-Cl-Ph 


0.3 (1:1 
EtOAc/Hex) 


*l\Ci A 
3iy.*r 




o 


0*7 




0 31 fl-1 
EtOAc/Hex) 


353.5 


3.18 


0 


98 


4-OMe-Ph 


0.3 (1:1 
EtOAc/Hex) 


315.4 


2.78 


0 



Table 5. 




Example 

a 


R» 




TLCRf 


LCMS 

rM+11* 


HPLC 
Rt (minO 


Synthetic 
Method 


69 


Ph 


H 


0.36 (1:1 
EtOAc/H«ac) 


271.3 


2.31 


N 


53 


2-F-Pb 


H 


0.29 (2:3 
EtOAc/Hex) 


289.3 


2.36 


J 


56 


2-Cl-Pb 


H 


0.29(2:3 
EtOAc/Hex) 


305.3 


2.46 


K 


58 


2-CN-Ph 


H 


0.42 (3:2 
EtOAc/Hex) 


296.3 


2.17 


K 


54 


3-CN-Pb 


H 


N/A 


296.4 


2.16 J 


J 


55 


3-F-Ph 


H 


0.29 (2:3 
EtOAc/Hex) 


289.4 


2.31 


J 


59 


3-Br-Ph 


H 


0.29 (2:3 
EtOAc/Hex) 


349.3 


2.70 


K 


60 


3-a-Ph 


H 


0.29 (2:3 
EtOAc/Hex) 


305.3 


2.67 


K 


57 


2-pyridyl 


H 


0.29 (1:1 
EtOAc/Hex) 


272.4 


2.02 


K 


99 


2-Me-3- 

pyridyl 


H 


0.19 (EtOAc) 


286.4 


0.91 


0 


102 


2-Me-5- 
pyridyl 


H 


0.09(1:1 
EtOAc/Hex) 


286.3 


1.02 


Q 
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66 


3-pyridyl 


Me 


0.3 (EtOAc) 


286.3 


1.54 


M 


70 


2-T>vriHvl 


Me 


0 26 Cl'l 
EtOAc/Hex) 


286.3 


1.93 


N 


71 


3-CN-Ph 


Me 


0.27 (1:1 
EtOAc/Hex) 


310.4 


2.14 


' N 


72 


2-CN-Ph 


Me 


0.27 (3:2 
EtOAc/Hex) 


310.4 


2.06 


N 


77 


3-CONH2-Ph 


Me 


0.23 (2% 2M 
NHs/MeOH 
in EtOAc) 


328.4 


1.81 


O 



Table 6. 
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Example 

H 




R* 


R-' 


TLCRf 


LCMS 

rM+ir 


HPLC 
Rt (min.) 


Synthetic 1 
Method 1 


100 


2-Me 


H 


4-F-Ph 


0.4 (EtOAc) 


303.3 


2.76 


O 


101 


6-Me 


H 


3-CN-Ph 


0.12(1:2 
EtOAc/Hex) 


310.4 


2.65 


0 


68 


H 


Me 


2-Cl-Ph 


0.23(1:4 
EtOAc/H«c) 


333.3 


3.49 


N 


67 


H 


Me 


3-pyridyl 


0.22 (2:1 
EtOAc/Hex) 


300.4 


1.89 


N 



Table 7. 

10 




^16 



Example 
# 




R" 


TLCRf 


LCMS 

fM+ir 


HPLC 
Rt (mln.) 


S>'nthetic 
Method 


73 


3-pyridyl 


3-pyridyl 


0.23 (EtOAc) 


273.2 


1.18 


N i 


74 


3-pyridyl 


4-F-Ph 


0.23 (1 :2 
EtOAc/Hex) 


290.3 


2.85 


N 


75 


2-pyridyl 


4-Me-3- 

pyridyl 


0.27 (1:1 
EtOAc/Hex) 


287.3 


1.94 


N 


81 


4-Me-3- 
pyridyl 


3-pyridyl 




287.2 


0.92 


Q 



15 Table 8. 
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Example 


TLCRf 


LCMS 

rM+ir 


HPLC Rt 
(min.) 


Synthetic 
Method 


76 


0.27 (2:1 
EtOAc/Hex) 


287.4 


1.75 


N 



Determination of the activity of the compounds of the invention 

5 C17,20-Lyase inhibitory activity of compounds can be detemiined using, e.g,, the 

biochemical or the cellular assays set forth below. A person of skill in the art will recognize 
that variants of these assays can also be used. 

The compounds of flie invention can also be tested in animal models, e.g., animal 
models of prostate or breast cancer. 

10 Each of the compounds of the invention was subjected to a biochemical assay and a cellular 
assay for detCTmining its CI 7,20 lyase inhibitory activity, 

Buman and murine C17,20-]yase biochemical assays: 

Recombinant human C17,20-lyase (hLyase) was expressed in baculovirus-infected 
Sf9 cells and hLyase enriched microsomes were prepared from cultures as described (Barnes 
15 H. J.; Jenkins, C. M.; Waterman, M. R. Archives of Biochemistry and Biophysics 1994, 
315(2), 489-494). Recombinant murine C17,20-]yase (mLyase) was prq>ared in a similar . 
manner. hLyase and mLyase preparations were titrated using assay conditions to determine 
protein concentrations to be used for assays. Both mLyase and hLyase assays were run in an 
idaitical manner except that cytochrome b5 was omitted in the murine assay. 

20 Test compound solutions (20 mM in DMSO) were diluted 1 :4 with DMSO and put 

into the top well of a 96- well mother plate. These solutions were then diluted serially in six 
steps (1 :4 each step) with DMSO to obtain 800 fiM to 51.2 nM concentrations on a moih& 
plate (columns 3-12) for subsequent use in the assay. These compound solutions were 
further diluted twenty- fold in water to obtain a dau^ter plate contaming conipound 

25 concentrations ranging from 40 jxM to 2.56 nM in 5% DMSO. The first 2 columns (of wells) 
on each 96-well mother phrte-wCTC used for flie DHEA (dehydroepiandrosterone) standard 
curve. DHEA standards were serially diluted (in half-logs) in DMSO to obtain 400 \xM to 
120 nM standards, then diluted (1:19) in water to obtain 20 ^iM to 6 nM solutions in 5% 
DMSO on the daughter plate. These 5% DMSO solutions (5 ixh each) from the daughter 

30 plate were transferred to ttie SPA assay plate prior to adding the reaction mixture. 
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To prepare the reaction mixture, clear-bottomed opaque 96-well assay plates were 
loaded with 50 iiL of assay tuffer (50 mM Na3P04, pH 1.5), 5 fiL of the diluted compounds 
(or standards), and 30 ^iL of substrate solutions (7 mM NADPH, 3.35 ixM 17-OH- 
pregnenolone, 3.35 pg/mL human cytochrome bs in 50 mM Na3P04). Reactions were 
5 initiated with the addition of hLyase or mLyase in assay buffer (10 ydS). Enzymatic reactions 
were incubated at room temperature for 2 hours with gentle agitation. Reactions were 
temiinated with the addition of 5 pL of 1 mM (50 pM final concentration) YMl 16, a potrat 
C17,20-lyase inhibitor. 

The concentration of DHEA generated by hLyase (or mLyase) was determined by 
10 radioimmunoassay (RIA). RIA utilized a ^H-DHEA (0.08 |iiCi) tracer in 50 [xL of 
scintillation proximity assay (SPA) buffer (100 mM Tris-HCl, pH 7.5, 50 mM NaCl, 0.5% 
BSA, 0.2% Tween 20) which was added to each well. DHEA antiserum from rabbit (50 \xL) 
with anti-rabbit SPA beads in SPA buffer was added to all wells. Mixtures were allowed to 
equilibrate with gentle agitation for 1 hour followed by overnight equilibration with no 
15 agitation. ^H-DHEA bound to the SPA beads was detemiined by scintillation counting with a 
Wallac microbeta counter. The concentration of DHEA genwated was calculated from raw 
data (CPM) and the standard curve. The concentration of DHEA foraied in the presrace of 
test compounds was expressed as a percent inhibition compared to the DHEA concentration 
in the absence of test compounds: [1 - (nM DHEA formed in the presence of test 
20 compound/nM DHEA formed in the absence of test compounds)] x 100. Determination of 
ICso for each compound was performed using the Analyze 5 program. 

Human C17,20-lyase cellular assay: 

Human HEK 293-lyase stable transfectant cells were seeded in a 96-well plate at 
10,000 cells/well/100 ^iL in DMEM plus 10% FBS (supplemented with 1% glutamine, 0.8 

25 mg/mL G418) and allowed to attach overnight. On the following day, the media was 
removed from the cell plate and replaced with 100 ^L RPMI without phenol red. Test 
compounds (columns 3-12), DMSO vehicle (column 2), or DHEA standards (column 1) of 5 
fiL each were added to the cell plate and incubated for 10 min. at room temperature. The 
final concentrations of DHEA standards were 750, 250, 83.3, 27.7, 9.2, 3, 1, and 0.3 nM. 

30 The reaction was initialed with 10 pL of 5 nM 17-OH-pregnenolone being added to all the 
wells of the cell plate, then incubated for 1 hour at 37°C. Following the incubation, 90 jiL of 
media (containing DHEA product) was removed from the cell plate and transferred to the 
SPA assay plate. The subsequent SPA procedure for the detection of DHEA product was 
performed in the same manner as described for the enzyme assay (see above). The mother 

35 plate of test compounds was also prepared in the same manner as the enzyme assay. 
However, the liighest concentration of compounds on the daughter plate was 200 (xM rather 
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than 40 ^M, such that the highest dose of compound tested was 1 0 \iM in final concentration 
(cellular assay) rather than 2 jaM (biochemical assay). 

Reagents (including catalog #) for the SPA assay wctc obtained from the following 
sources: ^H-DHEA: NEN (NET814), Anti-DHEA: Endocrine Sciences (D7-421), Anti- 
. 5 Rabbit SPA Beads: Amersham (RPNQ 0016), 17-OH-pregnenoione: Steraloids (Q4710), 
NADPH: Sigma (Nl 630), Cytochrome b5: Panvera (P2252), DHEA (500 iiU stock in 100% 
EtOH), BSA: Sigma (A9647), 

A test compound was considered to be active if the IC50 in the human C17,20 
biochemical assay or the human CI 7,20 cellular assay was less than 10 |xM. 

10 All the compounds tested have IC50 in the human CI 7,20 biochemical assay or the 

human CI 7,20 cellular assay of less than 10 jiM. ^ 

Other embodiments of the invention will be apparent to the skilled in the art from a 
consideration of thds specification or practice of the invention disclosed herein. It is intended 
that the specification and examples be considered as exemplary only, with the true scope and 
15 spirit of the invention being indicated by the following claims. 
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We claim 

A compound of the formula 



R3 [L r -"tv ^ 'ni 
II 



wh^in 
represents 



wherdn R"* represents Cm alkyi; and 
pis 0,1, or 2; 

^ , provided that R^ is other than a pyridyl or an N-oxide- 

containing group; or 

{^"'^ 

wherein 

R^ represents 

CN, 

halogen, 
CHO,or 

C(0)N(R^)2 wherein R^ represents H or Cm alkyi; and 
q is 0,1, or 2; 
R^ represents Cm alkyi; and 
mis 0, l,or2; and 
R^ represents 

wherein 
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20 



R' is Cm alkyi or Ca^; and 
risO, If ox 2; 



oe , provided fliat is other than a pyridyl or an N-oxide- 
containing group; 

wherein 
R'rq>resents 
CN, 

halogCT, 

10 CMalkyl, 

Cm alkoxy, 
NO2, 
CFj, 

Cm acyl, 

15 CQ2R' who-ein R' is H or Cm all^d, or 

(9H2)i.2 1 

"-^-^ ;and 



sisO, l,or2: 



N 



O N-f 
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<Q^NHi 
<QKCH20-j 




8 y— SO2NH-J 

3 

Ci^ alkyl-S02NH. ; 
CN; 

N(R"*^)2 , wherein R*^ is Cm alkyl ; or 




wherein 

10 R^^ is halogen; and 

t is 0, 1, or 2; 

R*^ represents Cm alkyl, Cm alkoxy, halogen, or CN provided that R^ is oth^ flian 

cyano; and u is 0, 1, or 2; 
R^^ represents H. or R*^; and 
15 one of and R^ is a 3-pyridyl or 3-pyridyl-iSr-oxide group which is unsubstituted at 

flie 2- and 6- positions: 
or a pharmaceutically acceptable salt thereof. 

2. A compound according to claim 1 
20 wherein 

R^ represents 

wlierein R"* represents Cm alkyl; and 
p is 0, 1, or 2: 
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9 

provided that is other than a pyridyl or an JV-oxide-containing 
group; or 

5 wherein 

R^rqjresents 

halog^i, 
CHO,or 

10 C(0)N(R^2 wherein represents H or Ci-4 alkyl; and 

q is 0, 1, or 2; 
R^ represents Ci^ alkyl; and 
m is d, 1, or 2; and 
R^ represents 



15 N 

wherein 

R^ is Cm alkyl or CN; and 
r is 0,1. or 2: . 

9 

20 provided that R^ is other than a pyridyl or an N-oxide-containing 

group; 



wh^ein 
R® represCTts 
25 CN, 
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halogen. 
Cm alkyl, 
CMalkoxy, 
NO2, 

5 CF3, 

Cm acyl, 

C02R^ wherein is H or Cm alkyl, or 
^ ; and 

sisO, l,or2; 
10 ; 



;or 



15 

3. A compoimd according to claim 1 
wh^ein 
represrats 

20 wherein R^ represents Cm alkyl; and 

pis 0, 1, or 2; 
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provided that is other than a.pyridyl or an JV-oxide-cohtaining 
group; or 

wherein 

5 represents 

CN, 

halogen, 
CHO,or 

C(0)N(R^)2 wherein R^ represents H or Ci^ alkyl; and 
10 q is 0,1, or 2; 

R^ represoits Cm alkyl; and 
mis 0, 1, or 2; and 
R^ represents 



^N' or 
15 whwein 



R' is Cm alkyl or CN; and 
risO, I,Qr2; 



oe 



provided that R' is othra- than a pyrid>^ or an N-oxide-containing 

20 graiup: 



wherein 
R* represents 
CN, 

25 halogen. 

Cm alkyl. 
Cm alkpxy, 
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NO2, 
CF3, 

Cm acyl. 

COaR^ wherein is H or Cm alkyl, or 



sis 0, 1, or 2; 



S ;or 
N 




A compotmd according to claim 1 
wherein 
represents 

wherein represents C1-4 alkyl; and 
pisO, 1, or 2; or 

provided that is other than a pyridyl or an iV-oxide-containing 

group; 

R^ represents Cm alkyl; and 
mis 0, 1, or 2; and 
R^ represents 

wherein 
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R' is Cm alkyl or CN; and 
ris dj l,or2; 



;or 




5. A pharmaceutical composition comprising a compound of claim 1 and a 
pharmaceutically acceptable carrier. 

10 6. A method of inhibiting a lyase enzyme, comprising contacting said lyase enzyme 
with a compound of claim 1. 

7, A method of inhibiting a 17a-hydroxylase-Cl 7^0-lyase, comprising contactii]^ a 
1 7a-hydroxylase-Cl 7^b-lyase vnih a compound of clc^ 1 . 

15 

8- A method for treating a subject having a cancer associated Mdth a 17a-hydroxylase- 
CI 7^0-lyase, comprising administering to the subject a th^apeutically effective 
amount of a compound of claim 1 . 

20 9. A method for treating prostate cancer in a subject, comprising administering to said 
subject a therapeutically effective amount of a compound of claim 1, such that Ae 
prostate cancer in the subject is treated. 

10. A method for treating breast cancer in a subject, comprising administering to said 
25 subject a therapeutically effective amount of a compound of claim 1, such ihat the 

breast cancer in the subject is treated. 

1 1 . The method of any one of claims 8-1 0, wherein said subject is a primate, equine, 
canine or feline. 

SO 
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12. The method of any one of claims 8-10, wherein sfdd subject is a human. 

13. A compound of tlie formula 

Rl6 Pj16 

wherein 

. R'^ represents Cm alkyl. Cm alkoxy, halogen, or CN; and u is 0, 1, or 2; 
R" represents H or R'^; 
R'^ represents 

P or 

wherein R^* represents alkyl; and 
pisO, l,or2;or 

provided that R^^ is other than a pyridyl or an N-oxide-containii^ 

group; 

R^^ represents H or C1-4 alkyl; and 
R^' represents 

wherein 

R'^isCi-4 alk-yl;and 
r is 0, 1, or 2; or 



wherein 
R^^ represents 
halogen; 
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Cm alkyl. 
Cm alkoxy, 
NO2, 
CF3,or 

C02R^^ wherein R^Ms H or Cm alk>i; and 
sisO, l,or2; and 

one of R^^ and R" is a 3-pyridyl or 3-pyridyl-N-oxide group whidi is unsubstituted 
at tiiie 2- and 6- positions; 
or a phaimaceutically acceptable salt fliereof. 

14. A compoxmd according to claim 13 
wherein 
R^^ represents 

15 wherein R^^ repr^ents Cm alkyl; and 

pisO, I, or 2; or 
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» 

provided that R" is other than a pyridyl or an N-oxide-containing 

group; 

20 R^^ represents H; and 

R^ ' represents 

wherein 

R'^ is Cm alkyl, and 
25 risO, l,or2; or 

wherein 
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represents 
halogen; 
Cm alkyl, 
Cm alkoxy, 
NO2, 
CF3,or 

C02R^^ whCTein R^* is H or Cm alkyl; and 
sisO, l,pr2. 



15. A compound according to claim 13 
wherein 
R^^ represents 



15 who^ R'B represents Cm alkjd; and 

pis 0,1, or 2; 
R** represents H; and 
R'' represents 

20 wherein 

R'^ is Ci-4 alkyl; and 
risO, l5or2, 

1 6. A pharmaceutical composition comprising a compound of claim 13 and a 
25 pharmaceutically acceptable carrier. 

17. A method of inhibiting a lyase enzyme, comprising contacting said lyase enzyme 
with a compound of claim 13. 
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18. A method of inhibiting a 1 7a-hydroxylase-Cl 7,20 lyase, comprising oontacting.a 
17d-hydrpxylase-C 17,20 lyase with a compoimd of claim 13. 

19. A method for treating a subject having a cancer associated with a 1 7a-hydroxylase- 
CI 7,20 lyase, comprising administering to the subject a therapeutically effective 
amoimt of a compound of claim 13. 

20. A method for treating prostate cancer in a subject, comprising administering to said 
subject a therapeutically effective amount of a compound of claim 13, such that the 
prostate cancer in the subject is treated. 

21. A method for treating breast cancer in a subject, comprising administCTng to said 
subject a therapeutically effective amount of a compound of claim 1 3, such that the 
breast cancCT in the subject is treated. 

22. The method of any one of claims 19-21, wherein said subject is a primate, equine, 
canine or feline. 



23. The method of any one of claims 19-21, wh^ein said sid>ject is a human. 
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